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1. Introduction

The research described in this relort is a rational continuat-
ion of previos work upon design capability and conceptual style carr-
ied out as part of Contract F44620-76-C- 0 through the European
Office.

In the previous studies, the subjects, some of them exper-
ienced designers, and some of them graduates in electronic engineering,
designed an analogue electronic simulator for demonstrating the prin-
ciples of reaction kinetics in physical chemistry; the progress and
the energetics of a chemical reaction being simulated,as customary
for the (United Kingdopn) "A level" student, in trms of "activated
complex" theary; a gross, but numerically sophisticatd, approxim-
ation to reality. All subjects were tested for learning and conceptual
style using the "Spy Ring History Test", and were reauired to justify
their design by constructin9 a graph, which approximated an
entailment mesh, indicating how and why they designed the simulator
as they did. Ft'-ther, all the designs "worked satisfactorily" ;
meeting the requirements of a design brief. But, given this much,
the quality of designs (all of which satisfied the brief) was assessed
according to stated criteria; namely, reliability, transparency,
ruggedness how fool proof the designed simulator is ),and the extent
to which a simulator can be used in a flexible manner for different
demonstrations.

The results obtained in this previous study have been reported.
Results include a significant positive correlation between the ver-
satility score on the stylistic test and the rated quality of design;
between versatility score and the tendency to use defensible analogies
between the application domain,and the domain of electronic design, and

I in some respects, the superiority of the experienced designers who
do, however, take longer to produce a design which satisfies the brief.

The studies cuvered by the present report arenas follows:

(a) Cowinued investigation, using recorded group and individual
intervi-ws, of subjects in the original pool, the intention being to
provoke them, where nece- iry , by suggested deficiencies in the
original brief, into innovative activity based upon a more widely
useable simulator. Somewhat contrary to the pesimistic views I
expressed, during discussions in Washington, this enquiry has yielded
some useful data; chiefly, because it proved possible to retrieve
"lost" subjects, more than 18 months after the first study was finished.

(b Experiments intended 1o indicate the difference between hardware
dc.;igning and computer progrdnming and the dependency between prog-
ramming skill and the stylistic test scores. For this purpose A/D
and D/A convertors were used to inte face the computer with a replica
of the display and control layout of the original reaction kinetics
design task, and the brief presented was similar except for the criter-
ia of design quality employed. Once again, all of the designs did
as a minimal requirement, satisfy the design brief.

(c) Fairly large scale, 4 session, experiments,in which less
sophisticated designers, (26 subjects from teacher training college
and from technical college),attempted the design of an intruder alarm
system. Subjects were provided with details of-how simple devices



function, how detectors could be wired together, etc., and they .il
had access to two differently located 1,remises (presenting two, very
different, kinds of protection problem). One goal of the study was
to relate conceptual style, as determined by the tests, to design
quality (all designs must satisfy a minimal brief), and another goal
was to relate these indices to the number of other-than-trivially
different designs produced. Subjects were encouraged to make and
describe as many alternative designs as possible, and two designs
(each bearing a different cost limit) were required, for each of
the two premises.

(d) A small scale study, 11 subjects from one of my graduate
classes (MSc in Cyberneticsat Chelsea College).carried out over 8
months in which the experiment of (c) was repeated in a more open-
ended and leisurely manner. Serious comprehension of how the intruder
detection and alarm devices work is unnecessary (and, as judged by a
standard questionnaire, the knowledge of the function of each
device, as a "black box", scarcely differed from the knowledge of the
subjects in (c) ) . However, in this case, the design task gained
"out of class" credit,and it was possible for the (d) subjects to
thiil at leisure. Their gradings did not depend upon design quality,
as such, rather, upon discussion of the-task, comparison of designs,
etc., in subsequent 1st year seminars.
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2. Follow up study of designers

I expressed some anxiety about this study when last in Washington
because of corruption of the data.

Due to unavoidable circumstances, it turned L)ut that all the indiv-
idual and group sessions were (finally, and for some part of each per-
son's history)conductedby one experimenter, myself. I had the strong
impression at that stage (some year or more ago),that many of the inn-
ovations were due to the experimenter, even though accidentally intro-
duced. On listening to sample tapes (all sessions were sound recorded
and many video recorded) this pessimistic impression is false. The
findings must of course, be qualified, regarded as "clinical type"
data and no elaborate comparisons have been attempted. All the same
the findings are of interest, particularly since members of our original
subject pool of hardware designers who had left the neighbourhood
returned to London and proved sufficiently interested to make contact
and return for further discussions.

The prompting comments, used to elicit innovations, were as
follows:

(a) Can you really amalgamate the designs into a potentially
more powerful or accu -te simulation (if so, show me, or us, as a
group, how to do so).

(b) Is the complex amalgamated system chemically or physically

meaningful (if not, say why not)

(c) What really is assumed about the kinetics of a reaction.

(d) What happens if the reactants are not stirred and mixed in
the vessel. The Belousov Zhabotinski reaction was demonstrated ie.
the comple< oscillatory reaction, involving HBrO2, Br, Br03 and
a redox couDling.(Ce III, Ce IV;or Mn II MnIII, (Field and Noyes,
1974, or Winfree 1974).

(e) How can you show what goes on in a chemical reaction, given
an explanation (which was usually quite well understood) of relax
ation time and transit time for an activated complex?(The subjects
were encouraged to introduce more sophisticated models if they were
familiar with them).

(f) Given excerpts from Prigogine's work, what do you think
to the a 'vated complex model? I., it at all possible to assume
neue to equilibrium thermodynamics. If not, how can you simulate
or demonstrate what go, s on? What is the price paid in "mathematical
complication"?

Design a system which is :ntelligible to a non mathematician.

(g) What is a molecule? Which energy in the system is kinetic,
and which is potential? What happens at really high or l w temper-
atures?



(h) How would you have benefitted from having the original
simulator when you were in high school? (all subjects have done
some physical chemistry, all have done a good deal of physics).
From having the advanced simulator you propose? Have you changed
your views on science as a result of this design task?

Insofar as these comments,or questions, convey ideas, directly,
the results must be deemed unoriginal, but to the best of my knowledge,
and contrary to my original belief these are the only substantial
prompts originating solely in the experimenter.

The most obtrusive finding is a confirmation of the (earlier
report) hypoLhesis that abduction or analogy construction is the
dominant,if not the onlymeans of innovation. The proposed mechanism
of abduction closely resembles the mechanism examined by Gordon (1968)
and his colleagues which is encouraged in their "synectics method"
for design and management-situation creativity-training. It is an
initial juxtaposition of different perspectives on a problem,either
by different people in a group or, more often, by one person. The
perspectives appear , initially as related but irreconcilable. The
disparity may or may not be resolved. If not, then an inconsistency
or incoherence is recognised (and,as the experimenter,I tried to make
certain that the matter was not "simply dropped"). If coherence is
obtained then something has been discovered,though it may or may not
have particular relevance as a solution to the problem.

For example, in the problem of coupling units of the original
decign tcgether. "Look at the input to the Black Box", and "Look
at the output from th- Black Box" (which leads to an incoherency if
the reaction is reversible, unless the temperatureor one of the other
parameters is regarded as an input, which was not the intention).

Conversely, "Look at the environment of a molecule", and "Look
at the molecule from its surroundings",led to a very ingeneous colour
television display design which,although rather too costly in practice
is implementable (the design replaces relaxation times ie . the times
needed for energy transfer, by spatial contours in a neighbourhood
:!tap).

The next findina is confirmed by the study of Section 5; Design-
ers who exhibit novey can continue to design fresh designs but
it takes many months to do so.

The designs produced are very varied and by any reasonable criterion
should be judged as innovative (whether they are successful innovations
or merely permissible inventions is an utt 'ly different matter) . At
one extremejthere were complex simulations (like the case already
cited, of the temporal contours). At the other extreme, there is a
design containing a minimum of electronics or computation but students
are instructed to enact reactions (lawfully, however).regarding pairs
o students as molecules. This scheme, which struck me as particularly
inventi,, was later elaborated to a low frequency loop radio system
intended to detect rule disobodience.
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As in other studies of problem formtu ition and problem
solvingit was possible to observe a great deal of fixity with
respect to principles or underlying themes. Six of these themes
are obtrusive enough to be accounted (Table 1) . They are

(A) Scaling, the representation f quantities so that,
for example, pints of a Ist order and of a 2nd order
reaction are vi .ually distinct.

(B) Display complexity. If on its own,thi. feature is con-
cerned with the elaborate presentation ot either macro
or micro lovel variates . If combined with (C),below,
it represnnts a complex interaction ac control as well
as displi' points.

(C) The Interactionist position; to be effective the design
must allow the student to modify parameters, initialise
or otherwise vary the course of events.

A systematic attempt was made to shift adherents of"(B)
alone"to "(B) and (C)" using the valid argument, that any ".0. alone"
scheme could be implementedwith comparable effectiveness, but lower
cost,by a film or at any rate , a library of video tapes. It is an
interesting observation,which speaks more stronqly than fiqures

for the dominance of rigidity or fixity effects, that without ex-

ception, this argument was taken at face value, but sidestepped;
these very intelligent design subiects doggedly pursue their
theme and spend great trouble in abricating (factually, unten-
able) reasons for why their equipment cannot really be replaced
by film and tape. This is a clearcut issue on Wh-ch it is poss-

ible Lo present a coqont and universal count(- example, E-ut to
do so does not have an influenct upon behaviour.

(D) Emphasis upon elaborated mathematical aporoaches; for
example, the far from equilib-ium thermodynamics of Prigogine,
in which macro level variables are retained. Once again ,there
is fixity. These subjects do not contemplate (do not like,
find sympathetic to their tastes).the microstruct:re of a
reaction mechanism.

(E) Emph-sis, often exclusive , upon the microstructure of
reactions. The simulaf7 s highlight molecular level events,
variables like concen dtion are relegated to irrel vance
and 1'>e interpretation of the design is the concrete process.

(F) Belief that the original simulation units can be assem-
bled together (on sensible, but often factually untenable,
ground). Once set on this orientation, subjects will not
budge.

(G) A catch-all category containing the radical innovations
by analogy-construction or abductive methods.
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The stylistic profiles of the 17 subjects (conceptual
style test results) are shown in Table 2 and there is a signif-
icant positive correlation between the versatility score and
innovation.

Finally, the probing question (h) was used to obtain answers
in as mlch detail as possible,to how, if at all,subjects' design
experience had changed their views about reaction kinetics . There
is no point in tabulating the results, for without exception, the
subjects learned, at high school, nothing significant. They learned
rules and formulae, but did not have the remotest idea of what the
mumbe jumbo meant. Two subjects (two, that had used the formulae
in practice, in industry) had individually come to grips with their
meaning . With the (possible) exception of the cases noted all
the subjects finished the design task, with a full comprehension,
ie. they Tlarned by learning to think, do, and design, in the
area oi reaction kinetics.

Although the finding is of peripheral relevance, to the
immediate study, it does indicate the futility of most ritualistic
learning; it equips people to pass examinations, but that is
about all it does.

Tapp from this study are preserved. Currentlythere are no
fulds avail,,,Ie for any really serious content analysis as this
would, unavoidably, be a costly business compared to a qross and
impressionistic overview of the type given in this report. Surely
however, a systematic, and quantitative analysis is possible,
and, in view of the earlier comments on the status of the data,
is likely to be worth performing.
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Main Themes

A B C D E F
Math. Chem.

S, ling D play inter. lion macro Micro Parts Other

1 0 1 1 0 0 0

2 0 0 1 1 0 0 0

3 0 1 0 0 0 0

4 0 1 0 0 1 0 1

5' 1 1 0 0 1 0

64. 1 0 1 0 1 1 0

7 n 0 0 1 0 1 0

1 1 0 1 0 1 0

9 1 1 0 0 0 0 1

10 0 0 1 1 0 1 0

1' 1 0 1 0 1 1 0

12 0 0 0 1 0 1

13 0 1 1 0 0 0

14 1 0 1 0 1 0 0

15 1 0 0 1 0 1 0

16" 0 0 1 0 0 1 0

17 1 0 1 0 1 0 1

Table 1. g',tribution of main themes amongst subjects pa-ticipating
and considered to have adequately complete records. my

subject may contemplite several themes at once, or on

different occasions. In all, 17 subject records proved

complete enouqh to suffice . Subjects from the first study

are mark-d by4
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Original ibj!:t Conceptual Style Test
number r mber Scores
(exnorts (currunt
unmirked series) . -

students
marked
by N 0 C V

6* 1 81 72 76 52
- 2 70 64 40 56

3 65 60 32 46
- 4 66 65 54 38
3 5 75 74 49 47
4 6 58 63 62 251

7 34 63 52 347 B 76 64 54 28
- 9 70 78 47 20- 10 75 50 36 18
8 11 70 46 59 45
- 12 60 79 85 88
- 13 60 61, 44 32
- 14 56 75 20 16

- 15 17 56 59 56
I* 16 12 57 67 47
- 17 32 34 78 49

I ans 62.8 62.4 53.8 41

13.7 11.4 16.5 17.3

Table 2: Scores on test for conceptul style. Subjects
from prey is study are indicated at ne
left togetner with number a,;f] type given
in Fi',il Scientific Report on F44620-76 C-0003
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~.Programming Task
The details of the task are outlined, comprehensively, in

Annexe 1 and Annexe 2, (the design brief and the programming manual
for the version of BASIC run on the LSI computer, together with
the machine language routines required to operate the A/D and D/A
convertors). Subjects could orient themselvs more or less towards
the computer, as such (for example, by obtaining program printout,
numerical values of computed variables bv trial execution), or tn-
wards the display and control console (Fig 1), which, apart from
the "run" or "start" button, (here, initiated on the computer), is
isomorphic to the original (hardware design study) simulator dis-
play (Fig 2).

All 22 ubjects who started the task knew the outlines of
BASIC, and all received the Spy Ring History Test for conceptual
style. Partial results are available from most of these subjects
but oly 8 completed the tu.k, over a period of between 5 weeks and
a couple of months. Some of the "drop out" subjects were unable to
visit the laboratory and lost interest, but three "'rop outs", at
least, can be ascribed to lack of reasonably convenient appointments
when the equipment was available for use.

Because of these circumstances, the numerical results have
less value than they might. There is a 1% level significant positive
correlation between "rule inference" (the U score component of the
cperatior learning score in the stylistic test),and an estimate of
programming facility. There appears to be a strong relation between
conceptual style and the type of programming used, in particular,
the extent o which, in tackling the task, the subject did or did
not translate the program operation into display and control vari-
ables. The Comprehension Learning Scores and Versatility Scores
are both higher, for subjects who were display and control oriented,
though the increment is greater on Comprehension Learning. The
results ire significant for the "Near Completing", subjects, at the
I0' level. The same difference is characteristic of the "Completing"
subjects but significance, in this case, is untestable.

In terms of (qualitative) observation, and scrutiny of the
records, there are two dominant approaches to the design task. These
interact with two kinds of programming, namely, "making the display
and control system work", and "making an elegant , as well as brief
program".

The approaches to the task are comparable to the results
jbtained in the design study, but it appears that the requirement
for the computation convert, the task, so far as several (at least
5),subjects are concerned, into a piece of mathematics. These sub-
jects spent several weeks to select (in fact) arbitrary increment-
ation values, after which, they tried to interpret the operation of
their program.

The mathematically oriented~or abstract.approach also char-
act ised some (I suspect , a smaller proportion) of the hardware sim-
ulator designerc. There is, however, one important differente. The
programming subjects in this category did, without exception, find
the design brief unsatisfactory.

9
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Fig 1: Display and control console

Fig 2 Original simulator display



The hardware desiqners did not criticise the design brief,
and ttiere is no reason to believe them at all unhappy with it.
Possibly, the difference is due to programmers' expectations. For
experienced programmers are accustomed to receive a much more process
determining specification from a system analyst, and these subjects,
at any rate, seemed to resent, or find alien, the requirement of
thinking about a real, rather than an artificial , process.

Other subjects.(certainly six of them, if near-to-completion
subjects are counted) took the interpretation , in terms of reaction
kinetics, as primary. In contrast to the others, they realised that
incremental changes in heat are arbitrary provided that changes occur
in the proper direction and the overall equation is satisfied . As
a result,these subjects soon wrote programs to perform the (almost
trivial) computations and devoted a good deal of effort to scaling.
(Scaling also preoccupies some of the hardware designers).

Most of the program solutions to the design problem are
disappointingly pedestrian if compared with the solutions proposed by
hardware designers, and the subjects seemed loath to exploit the
innovative potential of a computer. For example, only one subject
produced a successful stochastic program which is quite easy (further,
quite appropriate) as the basis for a simulation and only one other
subject tried to do so (but gave up the attempt and offered a trivial
program Tn-its place). No subjects tried another fairly obvious
trick, namely, to simulat-e an ensemble of systems and to couple them
together by a linking routine.

A pair r& competent , but uninventive, program listings are shown
in Fig 3 and in Fig 4.

Subject Trial Debugging Radical Stylistic Test
runs Sessions Modifications N 0 C V

1 18 11 4 60 65 47 54

2 8 4 0 70 43 68 76

3 20 12 2 46 55 24 78

4 24 18 6 75 54 32 56

5 7 7 1 57 58 50 79

6 6 6 1 64 60 53 40

7 19 16 3 49 22 69 80
8 22 18 2 47 58 30 54

9 40 17 15 5 66 42 75 67

10 11 11 3 77 45 46 74

I1 4 9 8 0 66 60 35 29

12v 18 18 2 30 25 65 70

Means 58.9 48.9 49.5 63.1

SDs 13.2 13.3 16.3 15.9

Table 3: Overall Pattf n of activity and test scores. Subjects

m, 'ed X did not complrte to their own satisfaction.
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3 IF' RS""TE6
4PRINT"TW) WAY REACTION"
5GOI ,
6pRI "O-NE WAY EACrzON"
7 L ET M 025 5.0.5 '1.~lU1Jr
22 LET JOsfl.8021r ~ ~ Q~-"'
4:8 GOSUR 50:88I T
58 GOSUS 3008 J Kaj1.
55 PRINT"SET INITIAL TEM4P"
56 INPUT TO
57 LET ItaTR
60 PRI' "MI -".MI. "TO--,TO. "TIME*", 0
102 FOR 1.2 TO 10000~~44
105 LET CxMI#t42
110 GOSUB 101@0
I2?' GOSUB 'A0
11 'F'C2.,*M~0 THEN 240
190 PRZNT"ENO OF ONE WAY REACTION?"
208 STOP
!'40 REM PRINTING CUR! 'IJT VALUES OF CONCENTRATIONS,TIMF
,41 REM4 REACTION RATE,EOUILLIBRIUM CONSTAT
244 PRINT "MI -".MI.,TEMPa". TI. *TIME-.1
245 PRINTllM2*'*.M2
246 PRINT "IM3a*'.M3
247 PRINTllM4-".M4
248 PRINT "OERVERVED XEQ".M2.M2/(M30M4)
249 PRINT "EXPECTED HEQ,K2/N2
258 PRINT "EXPECTED REACTION RATE".ADSCS-Z)
251 PRINT"------------------------------------------------
252 CALL(6,M2,2)
2S3 CALL(6.M2.2)
254 CALL (6. M3. 3) b$4U I
255 CALL(6.M4.4)
256 CALL6,T2,5) hewfu# /A/vl'.
257 CALL(6,MO.6)
258 NEXT 1
259 PRINT "END OF' ITERATION"
260 STOP
599 REM INITIALIZING ALL METERS
1I000 LET S-K2*(M21L2)*CM2tL2).J@
18021 IF fM2'255)*1M2c255) THEN 18208W6
1002 PRINT"CONCENS A.B TOO LARGE"
1883 STOP
120 LET D0-10
1021 LET D2zL2*S
1040 LET MI-MI-Ol
2060 LET M2.M2-D2
1878 LET D3-L3*S

1806 LET M3:M3.03
01090 LET D4 L4wS
2288 LET M4.M4+D4
1285 IF RS='l- THEN 1220
2228 LET Z~v '3fL3)*(M4tL4)*J@
2225 IF CM3255)*(M4'255) THEN 122
2216 PRINT"CONCENTRATION 0O' CD TOO LARGE"
1126 LET E4uL4*Z
1222 LET E3sL3*Z
2238 LET M4.M4-E4
1150 LET M3vM3-E3
1162V I.ET E2 .24Z
1170 LET M2rm'.+E2
2288 LET E2.L2*Z
11 LET M2:MI+EI
12., 0 RETURN

-42000 IF "6THEN 2050
2618 IF mrc1s"6" TH4EN 2030
'828 LET Q2.
2025 IF CC-Cmf.M21)). THEN 2030
2927PRINT"STAJILITY *EOR"1
2623 STOP
20e9 LET ~H84OS*cQ1Q25
2036LET GO2S.(QI-02)/CMI*M2#M3+M4)
264OLET TI-T2.GO
2858 LET K2-P2*EXPC-Q2/CS.3I4.-T,))
2068 LET KI.Pl.EXPC-O2/C8.3I4.T2))
2065 REM ASSINGtNG VALUE 0OF HEAT IN.16UT TO METER NO9.6
2866 CALL(6.H6,6)
2876 RET'RN
i3900 IF L14sO TMHEN 30C'2
3661 1 *T MISS
3002 Lg**O THEN 3604
3663 LET M2zO
3684 IF' 1.3-tv THEN 306
3005 LET N3.6
3666 I1L.- THEN 38
367 LET M4wo
3668 RETURN

'4580 PRINT"PI.'P2"
5662 INPUT P2.P2
5002 PRINT"Q2.,02,T2" V
5001 INPUT Q2.Q2*T2
5864 PRINT"lL2.L2,L3&L4" ?i. we
5665 INPUT LIoL2oL3*L4
S886PRINT"M2,M2,M3,M14"
5667 INPUT Mlem2.m3.M4
5668 GOSUR 6866

SO"9 RETURN Fig 4cniud1

6665 CALL(8*1e)



4. Design of an Intruder Alarm System

Can a good designer produce more essentially different des-
igns than a bad or mediocre designer? It is reasonable to imagine
that he might do so, given a reference task admitting (as most tasks
and non trivial problems do),a diversity of possible solutions . The
conjecture was voiced at Wright Field, and had some support from
experiments carried out in an adjacent campus of the State University of
Ohio. An ability to produce different but workable designs might
even be used as a sensible criterion of whether a design is "good"
or "bad

Design of an intruder alarm system was chosen, after some
preliminary experimentation, as a task which permits a great deal of
variation; a problem with virtually unlimited solutions. The task also
has the advantage of providing an interesting job,which can bp done
by any intelligent person without much dependence upon prior knowledge
(for example, of electronics or computer programming). The sensors,
detectorsetc., used to protect a premises are commonly put together
by security firm "engineers", whose primary expertise is not so
much "engineering" (in the usual sense) as an appreciation of arch-
itecture, the requirements of a client , the habits of vandals, crim-
inals,or other intrudersand the hazards likely to be encountered. The
particular devices that may be connected together to form an alarm
system are, for the most part, compatible and they need only be
known as "Black Boxes" which perform a given function.

There is no need to know how these devices work provided some
critical characteristics aregiven--for example, false alarm rate,
reliability,and sensitivity to irrelevant changes in the environment).
Such data is readily assimilated or referenced in a manual and the
inqenuilv of the desiqner is (at any rate under the experimental con-
ditions employed) dependent upon how a system is put togetner and
whether or not it fits the requirements and cost limitations of
a client, given, as a reprequisite, that the system satisfies a
functional design brief.

A manual containing terse descriptions and characteristics
of the 23 devi( s in Table A (detectors, such as magnet and reed-relay
sensor, capacity sensors, infra-red-h.-im sensors, together with
alarm devics such as phone activating equipment, external bells)
are placed at the disposal of all subjects. The same 23 devices
were used in each experiment, none of them being inapplicable,(ie.nc
deliberately misleading or necessarily irrelevant "devices" were
included).

Two experiments were carried out . In each case.-ll the
subjects were pretested to obtain a score profile on the stylistic
test, the mean scores being operation learning (rule application
or serial recall, with a subscore for rule application only), com-
prehension learninn (global recall and reconstruction), versatility
(ability to predict beyond the information provided).-nd a neutral
score (overall fact retention,achieved by any means).

In the first of the two experiments twenty six subjects,
(given the design brief) examined one premises at Sheen Road) in
Sesion 1, occupying (about, 2J hours. In Session 2, some days later,
the subjects construct intruder alarm designs to a high cost and
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Miniature radio modulator Inertia switches

Smoke Sensor Vibration contacts

Radio frequency responder Magnetic switches
(power input and transmitter Mortise deadlocks
and band sampling receiver)

Protected audio tape recorder Indoor microwave intrusion

(voice key or signal to start) sensors

Protected video tape recorder Capacity sensors

(signal to start) Control Box (may contain and,

Alarm bell not, or, delay, count devices
Tre-quired and is-one setting

Magnetic sensors unit with key and lamp indicat-

Pass Key switch ing activation of system)

Microswitch contacts, for
Pressure mats doors and windows

Vibration contacts Infra red directional sensor

Window Foil Directional microphone, tuned

Passive infra red detectors to ultrasonic region or no

Breaking glass detector Directional infra red source

Solid state 999 dialU r Image convertor and lens

Untrasonic intruder detector equipment

Surve-lance - cameras

Outdoor microwave intrusion sensor

Untrasonic directional beam module

Actuation buzzer

Table A: List of devices available to subjects
in the context of the intruder alarm
task. Subjects are told that they can
request (as a manufactured product)
any other device they know of or any
device that is physically realisable
fo) production at a cost within the
limits set by these devices (for example,
a solid state special numher dialling
equipment has been requesLed).
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a low cost criterion, as specified in the brief. At the end of
Session 1, they receive photographs (greatly reduced in Fig 0,to
act as a recall cue from their experience in concrete reality, of
the premises;together with layout plans,on which their design is
charted (Fig 6, again greatly reduced in size). At the end of
Session 2 these products are collected. The next Session, 3, is
devoted to examination of a geographically distinct.Dremises but
essentially the same design requirements., the cost limits
being scaled to minimise the difference (it was not practicable
to balance the subtasks engendered by different premises by reversing
this presentation order but, if anything, the premises viewed in
Session 3 is more difficult to protect,adequately). At the end of
the session,layout plans are distributed and completed for delivery
in Section 4, which includes a recall test and questionnaire.

The main variables , in the first experiment, are an index
of design quality, obtained by rating the properties of Table 9,
an index of design similarity based upon objectively determined
use of similar /different devices for similar /different puroeS
in the configuration: The score profiles for conceptual style 92 the
designs as such. The rationale behind the similarity measure is that al-
though subjects in Experiment 1 (from a training college) can hardly
be expected to continue thinking about a design over (say) several
weeks, we can elicit 2 cost different design for 2 different premises
and di :over the amount of variation between them. There is certainly
a strong tendency to stereotype, even though there are different
situations and costs; as a resultan index of similarity should be
high-valued (a repetition of methods) and we can be reasonably
confident that variations shown upby a low-valued similarity index
reflect a real tendency to diversity in design. Recalling that all
designs submitted must (and are prompted to) satisfy the minimaT-
brief,it is evident that such a tendency is not due to haphazard
products.

Of the 26 subjPcts 23 completed all the sessions but only 18
of these are included in the sample because it later turned out that
transgressions of the minimal brief had remained undetected in the
case of 5 subjects.

The other study, Experiment 2, employed the same briefing
materiais and device list but only one premises (Sheen Road), was
involved. However, in Experiment 2 the 11 subjects were graduate
students and had an opportunity to design at leisure and literally
to produce as many alternative designs as they could. They were
encouraged in this pursuit by presenting , as part of their Seminar
series.the solutions, (if reasonable) offered by other students
in the class. Here, in other words, it was possible to examine the
number of sensibly different designs provided at leisure, directly.

The results of these experiments are interesting , and often
contrary to expectation.

Experiment 1: The original hypotheses can be concisely stated.
itwas predicted that good designers as judged by design quality,
are also versatile. As a further hypothesis, that "good" (perhaps
versatile) or versatile (perhaps "good") designer, would have more
varied designs.
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Both of these plausible-by-previous work conjectures are
unsupported, if not deniedby the data.

The quality of designs, taken as a summation over the
desirable properties in Table 9, has no statistically significant
connection to any of the stylistic test scoresexcept fact retention
where there is a marginally significant correlation (nor, as a matter
of peripheral interest to scores on either the "embedded figures"
test or the quite different "AH5 test"). Nevertheless, there is a
positive correlation, significant at or above the 5% level,between
one judge's scoring, from low cost to low cost design,and from high
cost to high cost design (over the 4 designs ) and between the judges.
Hence, there are no grounds for supposing that ti value scoring
of designs fails to do what it was intended to do.

Again, contrary to expectation, there is a strong positive
correlation between v2rsatility score and desigi similarity, which
is the reverse of the prriicted outcome. On the other hand, there
is a strong positive correlation between the overall number of devices
(those listed in Table A),and the versatility score of a subject,
Similarly,there is a strong positive correlation between design sim-
ilarity and the comprehension learning score,on the stylistic test.

Dr Robinson and I were surprised by these results, particularly
since Robinson's observation of the subjects' behaviours appeared
to b in line with the original and quite different hypotheses.
Further , in the context of other tasks, involving planning and
design, the versatility score is an accurate and reliable (though far
from complete),indicator of genera14. inferential ability. Its
in)iequacies are known; for example, it does not discriminate between
a* uction/valid-analogy construction and other kinds of inductive/
deductive reasoning. It is surely desirable to make finer discrimin-
ations of this kind, but , it is also true that intruder alarm design
could and probably does depond upon any or all of these different in-
ferential skills.

Scrutiny of t e records and behaviour in greater detail supp-
orts the following hypotheses (which are not the simple ones posited
at the outset but are much more complex p6tulates compatible with
the original view).

Versatile subjects formulate and test their solution methods
to the design problem (use a consistent design philosophy),when
designing intruder alarm systems and this is best done, during a lim-
ited interval,at any ratp, by using a large a number of devices
to perform similar functions . The devices -mployed are changed from
design to design but there is a coherent pla, (usually,only one)
which is employed in each design and which accounts for the similarity
of designseven though many different devices are used or tried out.
It is the common principle or type of solution to the design problem.
(not the type of device employed) which accounts for the fixity man-
ifest in the behaviours and similarity indices of these subjects.
Within this group of subjects, those with a high comprehension learning

score as well as high versatility,try n, use most devices (Table 4)
Those with high operation learning score and high versatility produce
more similar designs. (Table 4).
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Vandalism /Petty theft intruder captured

Vandalism/Petty tleft intruder detected (and assumed to be

halted as a result of alarm signal)

Major theft: intruder apprehended by system and intrusion
i halted

Espionage: intruder apprehended by system

EspionaQe: intruder detected by system and intrusion

halted

False alarm probability calculated from "and" or else "or" connection r

of devices with known false alarm signal frequency

Ease of access and priming system (from outside, given

that it is turned on)

Reliability or elegance (redundancy permitted but irreevancy

is discounted)

Cost margin approximation to cost level).

Tables : The criteria employed in evaluating

designs
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inor e orre I ;I i 0,1, sl 'w g con -i st enc fso gscereae

Ma rk s for doe i ,,,s on satiio preiii ses

D/2 r .429 sig. at .05
D3/D4 rs -~.o i it.5

D D(Max)/D(Min) r,, = ._539 sig. at .0.5

Design quality vs.

LS Component r sSig level

0 0.22 NS

VS 0.3 NS r

tt V

C .. 10 7

N .:'1.3n.s.

NO. of Dcx ic-s V-od vs

I'S Co' PollwIt r ssig. ]Irvel

c .6,)l .01

V ('10 .05

N .491 .05

0 .421 n.s.

0 =Operation Learning, C =Comprehension Learning, N =Neutral

Retention, V =Versatility score , LS = Learning Style.

(Thus versatile operation learners produce similar designs; versatile

comprehension learners use more devices).
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In contrast, another group of subjects is characterised by
apparently unplanned problem solving and do not seem to have an
appreciation of the issues involved in protecting a premises. Sub-
jects in this group have low versatility scores, and come up with
context specific designs, which differ a great deal from subtask
to subtask. There is a tendency,which is most prominent amongst
subjects with low comprehension learning scores,to employ the same
devices throughout; for example, reed-relays and magnets, even in
the high cost-limit design, or UHF devices in the low cost schemes,
whatever, in fact, they have focussed attention upon, and become

- Ifamiliar with at the outset. The designs hang together (insofar as
they are at all similar), chiefly because there are devices common
to each one.

To check these hypotheses a I Analysis (Atkin 1977a,1977b)
has been carried out to determine how, for each subject, devices
are related by designers and designs are related by devices (ie. a
structural Q analysis on the relation induced by designers upon
the Cartesian Ptodij:t Device X Design, and the 'onjugate relation
on Designs x Devices).

Typical data are shown in Table 5, where, for reference in
the computer program which performs the Q analysis, 4 devices common
to each design have been omitted and the designs are coded as NlO, N20,
N30, N40 . The statistical data is summarised in Table'6.

Accordinq to the revised hypothesis the value of the dimension
of a design simplex in the simplical complex of the relation
induced on devices when a subject makes any design should correlate
positively, at least with the versatility score and the comprehension
learning score,(the dimension number"TopC'.may either depend upon
global appreciation or effective innovation or both). This should
also be true of the mean value of"Tpq"as shown in Table 6.This
hypothesis is generally supported,although the correlations are
not significatn for v satility score over the designs at Sheen Road
or for comprehension learniny score for the Sheen Road high cost
design.

Similarly, Eccentricity (which is Atkin's index of topologic-
al irregularity) should, for each design,correlate negatively with
the operation learning score (a rule application skill) and to a lesser
extent , under the revised hypothesis, with comprehension learning
score and the versatility score. Again, this is generally true (Table
5) but the high cost design at Sheen Road and the other low cost des-
ign, are exceptional. However, the mean eccentricity does behave as
predicted.

There is no obvious reason why these design subtasks are
exceptional. From inspection of the data it looks as though there is
a beginning and ending type of Hawthorne Effect.which may be res-
ponsible tor the peculiarities.

5 An Investigation of Individual Design

Several outstanding questions remain to be answered.
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UC)C) CD C) C) C) e~C)

Or x

U C) u uU o ,- .- u .- U U

1 0.25 4 7 0.33 6 6 0.4 28 0.17 1.33
2 0.25 9 6 0 8 7 0.29 30 0 0.43

3 0.5 5 4 0.25 6 2 0.75 17 0 1.33
4 0.4 8 3 0.33 4 6 0 19 0.4 1.33
5 0.67 4 3 0.33 3 2 0.33 12 0.5 1.50

6 0.5 8 4 4 5 0.25 21 0 1.25
7 0.75 6 5 0.5 4 3 0.25 18 1 2.5

8 1.0 5 4 0.67 3 4 0 16 0.25 1.00

9 0.25 4 4 0 5 6 0.2 19 0.4 0.75
10 1 7 3 0 3 3 0.33 16 0 1.66
11 0.2 5 4 0.67 4 5 0 18 0.2 1.00
12 0.2 5 3 0.33 4 5 0 19 0.2 1.00

13 0.5 5 3 0 3 3 0 14 0.33 1.00

14 0 4 5 0.2 4 3 0.25 16 3 5.00

15 0.25 4 3 0 3 4 0 14 0.25 0.25

Table 5
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(a) [Ecc 10 1cc 20 Ecc 30 Ecc 40 Mean Ecc

N 0.155 0.203 -0.132 -0.388 -0.269

0 -0.403 -0.128 -0.146 -0.569 -0.585

C -0.146 0.107 0.064 -0.49 -0.129

V -0.419 0.218 0.069 -0.395 -0.446

(b) N 0 C V

Means 56.47 51.53 69.40 39.47

SDs 24.54 14.75 16.14 21.14

(c) Dim 10 Dim 20 Dim 30 Dim 40 Q Over Ec Qmax

N 0.382 -0.095 0.156 0.273 0.287 -0.269 0.196

0 0.043 -0.030 0.346 0.375 0.353 -0.585 0.132

C 0.558 0.177 0.504 0.386 0.475 -0.129 0.462

V 0.106 0.171 0.677 0.507 0.518 -0.441 0.159

A (d) ( C C )

E E E E C)2 E

N 0 C V C .

Means 6.467 51.533 69.4 39.47 5.53 4.07 4.27 4.27 18.13 1.42 5.87

SDs .4.54 14.75 16.14 ?1.17 1.68 1.73 1.44 1.62 4.32 1.17 1.47

Table 6: (a) Rank correlations between scores on Test and the "eccentricity"
values as well is the mean eccentricity.
(b) Meanc and standard deviations for test scores
(c) Rank correlation of divisions "Top Q" 25
(d) Means and standard deviations.
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First of all, since there is every indication that the weighted
mean quality index is consistent, why does it not correlate with con-
ceptual style,or an informed,but intuitivejudgement of excellence
in design behaviour.

Next, do designers rated either "good" or "versatile"
(and.if "good", then by what criterion) make more significantly diff-
erent designs or not,since the modification in the hypotheses
proposed for experimentl(just described) precludes any direct deter-
mination of whether or not subjects with a high versatility score
do produce more designs.

Experiment 2: Eleven subjects (a graduate class at Chelsea College
and a few unregistered students), were presented with the design brief
and the Sheen Road specifications. At some stage, early in the series,
each subject inspected the Sheen Road premises, in fact. All subjects
were provided with 25 copies of the layout charts and--asked to produce
as many, non trivially different,designs as possible, for both of the
cost limits, to record under what circumstances and when they did so
and roughly how long it took to complete a satisfactory design.

All subjects had fairly high versatility scores but quite
varied operation learning scores and comprehension learning scores
on the test for conceptual style which had been administered (as a
routine part of the seminar series) before the design task was in-
troduced . Sensible designs were compared and contrasted at the
ceminars and criticised by the students and myself in terms of whether
or not it was possible to break in and whether or not they were
worth purchasing as real systems.

From the debate it soon became evident that given that the
design satisfies a brief the weighted mean of design quality is
neither a very sensitive or an appropriate criterion to employ;
a comment that applies to any index of the weighted mean type. A
design that satisfies a brief is judged according to varied criteria
all of which may belong to the original set and that are,in context,
of equal legitimacy . Under a cost constraint, generally,under the
acceptance of the principle that an absolutely fool-proof system is
impossible, all the desirable property values cannot be maximised
and the subset employed depends upon the design presented, as well
as the purchaser's view of the hazards (vandalism, theft, and
confidentiality loss, for example) . Any "good" design ("good" that
is,by judgement ),will have a fairly high quality valuebut this
valuecannotbe significantly incremented provided that only some
of the properties are highlighted in its theme. Notably,judging by
32 designs rated excellent,and 25 rated more-than brief-satisying,
there is no significant difference in the quality assigned to the
excellent designs and the acceptable designs.

Above a certain standard, which is approaphed but not reached,
by satisfying the requirements of a brief, designs are judged, in
practice, by agreement between designer/user,or user/other user,and
not by consensus. In this respectthe quality index is quite in-
sensitive.
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Further, it looks as though some designers can find an
unlimited number of solutions to the high cost design problem
(the low cost problem is much more restrictive. there are
seldom more than two low cost designs and two are required).
This probably reflects only concentration upon the more interesting
and innovative task, so, as such, a result to be anticipated.
There are many ways of making a really elegant or really creative
design unle~s the device costs are modified and this study did
not (at any rate explicitly) focus upon novel devices although
a few were suggested.

It was possible, in seminar discussion, to refer back to
specific designs and roughly categorise the types of thinking
employed to devise them

As might be expected, given the commentary upon leisurely
simulation design in Sertion 2, the dominant mode of innnvation
involves a juxtaposition of perspectives . By far the most common
juxtaposition is a perspective of an intruder and either the owner
or designer (ie. breaking *ihto your own or some other person's
system is an obvious expedient used by all subjects).

Another clearcut juxtaposition is the perspective of a staff
member and either the police or the owner (relevant to how easy it
is to price the system). These categories of juxtaposed perspect-
ives are counted as "Juxt" in Table 7 which shows , also, the scores
for each subject on the test for conceptual style. The category
"Compare design" may also include the juxtaposition of perspectives
which, if anything , strengthens the case in favour of juxtapos-
ition of perspectives ,nd design by abductive reasoning. "Hunch"
is less determined; thinking described as "out of the blue" or
"insight taking place suddenly when thinking of a different topic"

The cateqory "Perseve-ation" amounts to logical thinking, to
working ijt the consequences,-or possible consequences, of an idea.

In all, 102 designs were produced. The number of designs
produced by any one subject varies greatly but one subject in the

group provided 20 designs and several subjects provided more than
10 of them.

A cogniti-ve fixity effect, also noted,in the context of
simulator design in Section 2, is most readily exhibited by exam-
ining the number of devices that are used and the temporal progress
of thinking (deemed, by the subjects, relevant thinking) . An
attempt is made to show this in Table 8 which indicates also the
temporal distfibutlon of submitted designs. There are quite large
individual differences between the subjects but the most obtrusive
feature of Table 8 is a marked clustering of designs into periods
of fruitful creativity intersposed by periods of inactivity
This clustering may to some extent , be an artifact of the sem-
inars, but that is certainly not the whole story and the subjects
generally agreed to intermittency upon one or a few design prin-
ciples.
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Subject N 0 C V Juxt. Huch. Compare Per Number
_ design Designs

1 35 60 34 55 1 6 1 1 8
2 27 40 80 79 12 1 4 2 18
3 52 53 77 56 15 5 0 7 20
4 60 18 84 78 10 8 0 0 16
5 26 22 90 27 0 4 4 0 4
6 51 31 83 35 11 5 1 1 17
7 37 69 15 74 10 7 5 2 15
8 61 75 18 85 6 1 1 1 9
9 19 40 88 91 16 0 1 5 10
10 30 78 30 67 10 9 8 1 18
11 54 82 64 59 5 0 1 0 6

Mean 41.1 51.6 60.3 64.2 96 45 26 20 102
SD 14.2 21.8 28.4 19.3
Total 452 568 663 706 _

_ _column sums

Table 7: Conceptual style test scores and categories of thinking
reported by subjects (and referred to a particular
design as an illustration which is discussed). The
various categories are not exclusive (that is, several
kinds of thinking may be used in one design) but some
of the subjects are inclined to regard them as though
they were exclusive.
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1 . . .. ... . .

S e m i n a r S e s s i o n s
I GJ

2 3 4 5 6 7 8

2 2 411

15 1 10 11 18
10 72
32 5 171

24 2 312 10 16 1 10

11 15 18 20 20

2 4 5 5 4
40 3 15 16 12 10 1210 14 16 17 18

40 4 1 2 7 3 3
12 2 1 1 0 158 11l 20 20

19 5 2 2
17 18

10 12

27 6 3 3 4 5 2
10 7 13 11 11
8 8 16 18 18

18 7 2 6 4 3
9 11 16 159 7 16 16

6 8 5 4

12 13
7 20

55 9 2 3 4 5
Q I0 149

6 7 17 18 20
46 101 5 5

I10 19 11 6
7 9 20 0

20

32 ii 1 2 1 1
12 15 16 16 16
8 g 17 17 17

Key to table: Number
Desin~

l evicesi

Number
d ffe rent
Oevices .1

Table 8: A representation of progress in terms of cumulative
designs presented, mean number of devices in any
batch of designs presented at a given occasion, the
cumulative number of different devices employed in
all previous designsran-d thesubject's estimated
hours of relevant thinking necessary. Four devices are,
as before,excluded.
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Another feature of Table 8 is that subjects who produced
many designs did eventually use nearly all of the devices in
one way or another. wever, the periodic fixation on a group
of devices does support the hypothesis of the earlier study
(Section 4), that in systematic design devices are rearranged
to typify a principle, until there is a radical change in
principle, bringing fre'shdevices into the picture in )n organ-
ised manner.

Finally, Fig 7 and Fig 8 jointly support the hypothesis that
good designers can produce many different kinds of design, given
the opportunity to do so systematically,rather than haphazardly
and that subjects with high versatility scores are likely
to do so,(my own Lonvictim ispossibly greater than the figures
warrant; but , for example, Subject 8 stopped desicning quite
early in the study, because of committment to other matters).
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Fig 8: Design details
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chared hy Seoteo Research Ltd. nd two other occupiere without setting off 'ne corresponding intruder alarm gystem.

( uV Ltd. & LUZ Ltd.) only. onoquentLy, it Beem reasonable Ieo, the action of the pass key switche the Intruder %lI=

that the veneral alarm syst m. hould not only provide specill systin fro niobt-tife to day-tie operation ad vie-oroa.

protection for System Recoerch Ltd., but also that TUV Ltd.

and ZYZ Ltd. ehould be favoured to none extent with renpect (4.4) Oraphieal Representation

to the remaining ocupierr. Furthermore. ,"s could prove a The graphical represeontation adopted in Fig.14.I5,27.28 Ic

u eflll streteg in ori, " obait, the porticipelon of M (i) 29 - item no. 29, 1 off

td. and X'Z Ltd. in the first place. 29:,

25 a + * 25, one half of a pair

(4.2) z~-1-n (it) 35? -35. transmitter

?eIse laret fall Into basic catecoriec - 'unacceptable' receiver

wAdfacceptable: The - certable type can bust be described (ii) - direction of ltp/omere./erovave deteotoy
3s a false ejaim tn" laconvenise,ceo or annoys unneoeesarily (iv) Z s lattioced screen. plan vie

either the police or the neighbours. 14e number of euth
false elarmc can be inialsed quite easily by making it a

neeMa,-y cOditioo that at least two Intruder detector

dlevlce be actt vted in order to rate an other-use

'tnoccey tbl alam.

'c -ccepta. n t ,e cn- be bert described a a

fal.e &ics t tet net .er i:icnve.,rces nt noy. scybody.

ror example, sucideily illuminnt ; o tie courtyard with 9

Powerful lai ,snould cmuse tne neighbors little or no

dICt'rbnce. lence te actvitioi, of o:tly one iitder

detector devlce holld be a urfl'l-t cond ion e r rtiltnt

%n arcoptv.le alarn.

(5.1) (,e/en 1)a.b) --- Basic Strateey
in thin denign, the problem is approached fre an ov -i

point of vie. with reepect to the intruders. On the ha, bend.

an entailiment serh is developed *he total natural threat

posed by the intruders to ;

(I) the oflices of Syotam Research Ltd.

(Dlen Is -- Fig9, 1-ft half)

D13IGN I (%/j (it) Voodville RoueO in general

Tl-sign Ib --- FiK.12, left half)

This Can be further expanded from the poersled entailment

mesh (Pig.!!) for each claso of Intruder.

On the other hand, another entailment mesh to

developed of the overall counter-threat directed at the

Intruder. by the personnel and/or the Intruder atrm systnm of

(I) the offices of System Research Ltd.

(Desien Ia -- ig.q, right half)

(it) Voodville Rouse in general

(Desigh lb --- - 1 . 1 2 . right half)

The couiter-threat can be subdivided into

(1) the threat of physical violence

0 F. an attack by guard dogs

(ii) the threat of arrest

e.g. alerting the police before ringing ala bell.

Finly, the required alar system (Desto I& - PiC.IO,

Desitg Kb - Itg.13) can be desirned by attempting to equmte or

match the owerall counter-threat to the , -sponding total

natural threat lesitgr Is -s PI-t / Desi lb - Pt.!1). In

this way, It is hoped to reduce the final remaltant thrsmt to

a .inimu approm
^
it- .. r. 33
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i~evF InIG. 9 (D'~uI)F 1G. 10

Cvrt~on intruderstd

.otai Na~tural Threat Total Counter-thrsat A AS Bb AC cc D

t y rten iesetrct Ltd. 0~ all intruders
fro . .l inrdr rom ayte R earcr, Ltd.

W%,iral TnrCount sr--hrast A EC

Lt". ro tievesro. personnel of

*Natural Throat Dietmc ofalA Dint B Dint C
to Sysateo Research other personnel of

A ! al items listed in Sect. 5 d1i1

Natural.....................lii
t ~tl" ac o.1 :-rA.B.C . 5.3

T o t e Reear. Ltd. A - C i*A*C C * LB

AA items A wrhen co-operating amongst themselves
B14.. IC B

LB.I AC. jointly

A* AB and/or A' BEi = LB and/or BC

C7 AC ad/or BC

)lp b) FIG. 12
t it) FIG. 11

inalru P lt- Thea

trr a roeral i h rLd-r

ff %"itC~rf

from ioffde Intaude

fr-.R11 nt ~r. romVoodville House)

Le-1 Oi .l,

Ii.! 
34rdr 
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,1*rln 1b) F IG. 13 (Design lb) FIG. 13

C all items listed i 4 ie't. 5.4 Calarm. . . eYetzem 0Ib) o

d

ft,b
-;':,S - "dti),sei),f

? 
•
= d(,,),elii)

C.?.? - - " 55

T CoS*" 5 = F-.

C*30.1 X*C.F.S.T

P -ltems 7 when c-nperating amonget themselves F
3S • S
T - T "

IS ? " .S j.oistlyiT. * " . * .

ST. - S,? * *9

SI. - 5 ,1 -
TX " T,I

7 - is and/or FT and/or rX

SK" - FS ST Sz

?f - FT ST TX

Bf-f - ST 51if ]

71--FT ST

5? -TI I-F SI T

TSI

(5.3) Dei_k ik..-- P rt Lct._.

(5.2) Desip, Is -- Description

The basic layout for Design I& is shown in Pig.I4 and itemized
I Warning Notice (ecr'. 3.o't) 3 .

in Sect. 5.3. The intruder alarm cvetem can be regarded as a
2 I * tec'. 3.23h) £ 5/.0

physically hierarchical tructure composed of the following
3 * (Se,'. 3. 2,c) £ 5.00

lines of deterrent 
:

4 1 Durmy Tv Ca-,ers

(a) the first line of leterrent is situated

externally - itene 1,2,3.4
5 I A ia~r t'' y Guard Dogs C 30.00

(0) the se ond lIte of deterrent 
monitors the outer

6 1 floternaL Mkarc tell £ 35.03'

shell of the System Research offices - items

(with light I acti-tRmPer switch)
7 x 2, 9 r 8, 213 x 20

7 2 dreskiog Nieae le~ector ). extras) L 52.0

(c) the third line of deterrent 
monitors the

8 I Pass Key Switch £ ,OcO
general interior of the System Research offices 

-

I 0 22 Magnetic Conlacte . Z.00
items 10 a 2. 9 a 4

10 2 Ultrasonic In-rider 'etector
(d the fourth line of deterrent provides the

spcial monitoring required by %(range set at 3.5 metres aproa.) L q0.00
II I To',e 3up:'1 t r 3t.00

(i) the filing cebinets - items 13 x IS
12 1 Telephone Liar' -! (Sect. 3.16)

(il ) the electronic equilp ent - items 13 1 5 wiT h n e poe 3 i10.

If sn two Of the above intruder detector devices should be
13 40 Vibratio,, Zo:.tct C 60.00

disturbed, the dummy guard dogs mould be brought into action 14 I Iontrol Unit (wit., ectrus

imnedletely. Slxuolt..eoualy, the police would be alerted 'is

item 12. Rowever. the alarm bell would not be rung until 20

minutee later in order to allow the police sufficient time 
to

Entry Tier
eurprise the intruder.

DSLXT (2' oin t"s f~r alour hell)
The whole system described above is 1n operation

OR ("aece,at,# :osoe ate''e)

when *ht System Reposrch offiree are clomed. nowerer, 
during

Ar3D (kosnec, la'Io~flse olnru q

business hours, "iy the first line of deterrent 1 employed.

Then, the only ither deterrent io the preesnce of the personnel delay bewcen 2 lnte g I hoor) X 5(.00

Ot System Rsoarh Ltd., and to a lesser ectent the other . £444.9(



IIIme- ImI

1!3.. ..13 (5.4) Donlan b.. ..
1 k The basic layout for Design lb to shown In Fig.I5 and Itemised

n I in Sect. 5.5. The special protection for System Research Wtd.
, I Is basically the same as Design Ia. Thus, for example, the

, ' 'separate pass key switch and entry timer allow the personnel

12 ,\ Iof System Research Ltd. to enter and leave their offices
,ctlx1 it c3 Independently of al the other occupiers of Woodville Houe.

Now, the personnel of TUV Ltd. and flZ Ltd. are each provided

q0, 1 0  with similar independence - Items 28 x 2, 34.

Furthermore, a fourth pass key switch io fitted to

, .the front gate of Woodvlle House. and ePry occupier im isased
1

eitwith a euitable pass key. TS pass key actiates / deactivate.

those intruder lm, devices which protect Voodill. Rn.& in

general, inoluding the Courtyard. The end result is that Desipi

lb has three indiridual alarm eubsystems as well as a oo

- L- o i U. Or general alarm subsystem. The stole system am he regarded
assa hierarchical stouctur* composed of the fol.owig lines

Sof de errt(a) the first line of deterrent is situated

- ceiinc ~ i;externally - items 21, 22. 23ceilitI
7, Z3 (b) the second line of deterrent monitors the front

6 of Voodville Rouse - items 29 . 5. 27 x 2, 24
(c) the third line of deterrent monitors the

' ; Ofloor3 " courtyard of Voodville Hlouse - Items 24, 34, 359 2

t13 MLL (d) the fourth line of deterrent monitors the outer
' - , L:_-/ 2. -qshells of the office o..f,

• l . l e 1 4. ( 1 ) S y s t e m R e e aur c h L d . I t$ e m s 2 1 1 ,

- .. . , L.24, 29 x 18, 33 x 20

cei . (i) TOV Ltd. - Items 27, 29 x 4.
13 l"t

(ItI) MTi Ltd. - ites 27, 29 x
total deterrent - 'U0 - F? - C - TT * XX

(e the fifth line of deearrent monitor. the interior

if "e latter three offices: The whole system de-cribed above I. in operation when the
(t) System Research itt. - items '0 o 2, whole of Woodville 'louse is closed. Iuring normal business23 x 4 hours, or.ly items 21, 22, 21, 24 x 3, are employed. Then,
(it) Tt'V Ltd. - iteos 30, 29 o 2 the only other deterrent in the precence of the personnel of
'11) X3Z Ltd. - items 30, 29

'oodville House.
(f? -he sixth line of deterrent provides System

Research Ltd. with the special mc oring

required for

(i) the filing csbineo - items 33 x 15

(it) the electronic eq, lpment - Items 33 x 5

If any two of the above in- ler detector devices should be

disturbed, the dummY guard dogs would be brough to Rctica

immedietely. Simultaneously, the police wol,' ' be alerted via

item 32. Howrer, the two alarm. belle would not be run ur il

2 mtnutec later In order to allow the police sufficient time

to pirprise the intruder. The only exception to the above rule

in that the disturbance of aInV one microwave intruder d'tpctor

woid be a mtfficient condition for rsiming the alarm.

Otherwise. L- intruder cmld enly enter 'he courtyard from

o'- -he roof-tops.

Nurth.rsore, the ,utmiAl help cbh- .t b, 'he total

intrnnrtction of all the intruder detector p-ei~er (Fir.T3)

provides a total deterrent which - be crn-idersbly Xrrate-

than the ba ic deterrent prnvided ecrely by each siam rystOm

acting alone :36

bast deterrent - 53 - FT e 0 o ? * ..... (I
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1~~~~e,~3 p
2  

21ecitln.L33o2 .

~Sect 3.29) ~ ~~ 1
33 299.=~

2~3 2xca A27 e)l

21iih 1 N .- 5.ioe ni)h 3 00 3 0. 27 ?g; 2
yro4u Gir - et- 3.%) ns £1.002. k:,

23 1 (50,t. I., ~ 1a c £3.00

2t 3 -um a TM :.no-tac t -tz dr. 9L2.003)02 ii

Z9 i
3 owA - i p*L~y Gur 35.00 3

2 2 trpho Ala - (Bet 316

it1, 'd eoe t pou r r"pply) £ 50.09 .*0~

F re 4 1 ia0 i g o--r Wct o £nrs 160.00

3$:e L 3o~yNttot~~,C2.00 26-

3) 2 -ricmoun.v In-ruder Detector 0otlo...~I

31', 10u 'e. ,." su.l exra ( £50.00

1 i Tcahn Aan ( er ct. iC 1.16

2?)pndn pwe2.r sapply) b Ljz 50.01>o+

3-0 ~e- 2 Mi - y 1 rd r Dtecto1 (otdor , £5 .0, V 27 I'

32 2

manner fra the- point 2f7e ftepoeryta ob

AN,;~~~~o theCpa"e follwin premises 1Z td

b-) t2 ofie f~ h-st) Lesea)hontd

(6) ~~~~~ ~ ~1 3~~iiab (Dsgn9 Fg'.1,

(Design Z 2 2 ig,22,2 ,23,2

the1 proecion rovide (Dsign 2Sateg 2 einG i.

prevens teisiter prolm rein g rahd goa by te

(1)~ eiom th erin physically th pr petn ta hi s to be

(iie t orc imedae t ala min imu intoain g zeiro

e h floig. pruddenl ingso-ihe yai

(inlly then reuie &/b)ste (Design 2a - Pig.1 /61,8

(Design 2b - ig.25)ca b dsine y uig p henme

ofreves rheirue tom at chein imidoal prby io o

(1)h clae roertpysicld preentedg hspate m b

c (1der ) orapmeitween alany t higous inof int fulih

protectio, this soud be syspem (Dein orde to reduce /yt

redundancy and system cost.
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(Doin aFIG. 16 (Design 2m) FIG. 17

Finala Resultan inanange

from&11 n - reto electronic equipment,
B. from alU Intruders

Natural Danger Total Protection, P(A), Natural DangerfiliIng cabinet, A, '-r fn cane, A Total Protectiont, ?(a),thiees elecroni eqipmet of electronic equipment, B,
B, from thieves.

FPig.29

to filing Cabinet, A. Natural Danger

from vndalsto electronic equipment.
B, from vandal.

WNatural Danpcr

spiesto electronic equipment,
B, from epies

(Design 2a0 FIG. 1B (Design 2a) FIG. 19

Symbols

Finial Resultant , nger P(A) total pr,.tection of filing cabinets k
toal(ohe)c electronic equipment B

of System teea- olt.Pc all other contents C

fro al itmdrspb 

protection (total) by police alert & alarm bell, F143.20(i)

ro l rpba 

of A*

pp =protection (total) by physical prevention, 716.20(i1)
PPAB of A Bflaturtil Danger p+ fto all other cotents, C, ofA aol At otns p

ppC ofC

Pir.19 Ia protection (total) by Illumination. ?lg.20(iii)

Imc of

Natural Danger PO protection (total) by personnel, Fig.20)1v)

t o all oth L r content s, C p A * off o oan al pe RM~t
snaopeE ofA

pef ofC

o Ither contents. C.

38



(Desin 2a) FIG. 19 (Design 2a) FIG.20

P1it isig. 16Fi.1
A ~symbols

P( C)) A8 a - all items listed in Bect. 6.2.
b . 6.2b
e I6.2c

PCPbA pbD> 6.2;I I-f 6.21

/bb items b, when co-opersting amongst themselves
cc. c - -

Pb PUBA dd.

) bo - "bc jointly

pp (pA pebe; bo

od - c.d

do.- -~ dc a

ppPPAB Of. - ~ " -~

1s MCI.A isR

(pec) peA) peR

Dist Dist
(C'.R (A.B)

(Delip 2%) FIG. 20 (Design ?b) FIG.21

(I) ee kicrt & Alarm Bell Final Resultant Denger
to System Research Ltd. ,S,
from all intruders

cc (ce d (de) df) f
ir. Natural Danger Total Protection. P(B),

t" Zyetem Research Ltd. .8, of System Research Ltd. .8,
00t Physical Prevention 

fcc. thievesf

Ph.2

Pig.19

kiii) Illumination t ~ee eerhLd 5

b)(' d() f'

Fig. 19

Personnel 7'Natrl Dancer
toSsem Research Ltd. ,$.

( Prcnnl f Otter Pereonneol
SpeenReeaebLtd. of woldville 11-"e E -- e-)39



(Design 2b) F 1G. 22 (ein2)F IG,2 3

Final Resultant Danger

____________________to X51 Ltd.,..
K Fial a.'~tn agerfrom .11 lntrud.,-s

Natural Danger Total Protto.P(,
to fli Ltd. 1, of ITS Ltd ..

f-o from; thieves

Fiig.25

Natural Danger
to XTZ Ltd. .1.

NamuraturaanDenger
to ITS Ltd.,I.

Natural Danger fro spies
to V Ltd. ,?.
from spies

(ein2)F 1G. 24 (Desien 2b) F 1G. 2 5

Symbols

r'01 Ruf o l Hne. to P(S) . total protection of System Resenrch Ltd. .5

P *W the rept of Woodville House.V

pb *protection (total) by police alert & alarva bells.ftg.26(i)

pbSV -Of S. V " "
PbI= of T41
PbS =of S

PbT ofT
PbX ofIl

Natural Daneer to rest Total Protection, P() piN of

o fWoovile I-us, W ofres ofWoo_ p protection (total) by physical preeention,Pig.26(t)
fromthiees ouse WppsV- - of B+W

PPTh - of T+X

ri.5PPS -0 oS
pp, of X
p of V

In *protection (total) by Illuminatio,ig.26Q111)
IaSV of S+V

IftrlDn etiaTZ of T-1

7 4-1 "'dilleCHoe V. IinS -of 8

'rnmvndl LOT of T

iaN of V

P protection (total) by personnel of Woodvlle Rouse
PeIN. of 9-W
Pe I- of ?+I
pea ofS6
PeT .of? T

Natur'al Danger to rest pow of V

fro epi, s
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(Design 21b) F IG.2 5 (Design b) FIG.26

PiR.2i Fig. 24 Pig.22 Pig.?) a al itm itd£ngt .4b

b 04

(5) Pw) PT) Pl) d6.4d

f 6 . I .4

k. 6 .4k

1 6.41
a-* 6.4a

bb -items b when co-operst in, amongst themselves
bSW ph pbtl CC*

kk k

epw P PT m. - b" So*l

lid - b~e

fb b

La mT Lxbk. b.k
bm. b,m
cd. c::C. *ce
of. c~f

im~w to 1TX h * c b.1

df. df
pes pewPeT poxdh- * fi

ib . dm

fa f,
Dis h h:Ok

7 he h ~

(Dezign 2b) FIG. 26
(6.2) Desism 2a --- Description

The basic layout for Design 2a is shown in PiC.27 and iteiad

PiV5 In Sect. 6.3. The intruder .larm systemn comences with two

lines of defence which are covncon, to mU the a" teats of the

Polyite lesaro office.Bel

IMM MT 1(a) the first line of defence physically prevents

bb c (d h f hhentry - items 42.50

(b) the second line of defence detects intrusion

into the general Interior of the system lesearth

me ba kaoffices - Ites. 45 x 22. 46 z 2. 49 x 8

L ' h 1h filing cabinets are protected by two more lines of defencea

6 (a) the third line of defence physically prevente

effh d pssage to filing cabinets - iteme 43, 49 x 2

(d) the fourth line of defence detects eng umthorie

tampering with the filing cabinets - Ites" 49 a 15.

?ig. 25 The electronic equipment is protected by two similar lines of

(ii)Physical Prevention soes

(e) the third lise of defence physically prevent&

- Passage to the electronic equipment - Items 43,

(a) c) e g ) 149 x 2

Mf the fourth lime of defence detect. any Uxisuthorieel
Pig. 25

tempering with the5 electronic equipment - Items

CiiIllumination 49 2 5

aquating the above with Fig.19.?u. It can be eee& that

P((f ~ 'rA) > a . b .bb - a - cc * eb - Cd + bd .6 d..(3)
b j~c ( ) ~ b)(k) m)ii) a. b - ab + e aes eb * ed - bf . ff..(4)

P(C) ;;?*a b *bb ....

41



The e0 sign Is rvplaced by - ; ' because the total V.3) De ltm 2 -- Parts Lint
Intnrconiection of all the Intruder detector devices Leaj 4two.. Decription

eonsideristtly nhances the individual protection of any one 41 1 BZteoLI &Anr. hell

class of property. (- light I anti-toeper switch) £ 35.10

If any one of the above intruder detector devices shouli be 42 1 Doir Lock (# par- key switch) £ 20.00

disturbed, the front of the System Research offices would be 43 2 Irttlced Screen (area = 7 eq. a.,

illuminated Immediately by the powerful limp. If any two of * pax: tey -oitch) £ Se.(Y'

the abov Intnuder detector devices should be distu bed, then 44 1 Powerful i-w, (inset in wall with

Immediately the alam bell would be rung and the polioe front Crille t a.i*i-tamper device) L 12.00

alerted. It i hoped that the effect of the powerful lap 45 22 Magnetic Contacts £ 22.00

and/or the Ie&= bell vould shock most intruders Into Instant 46 2 Ultrasonic Intruder Detector

flight. (raage set at 3.5 metre. approz.) £ 80.00

The whole eystem described above Le in operation when the 47 1 Power Supply L 35.00

Syetem Reearc offices are closed. However, during buslines 48 1 Telephone Aar,-! (Set. 3.16)

hours. the only lines of defence employed are (d),(f) sad the (+ independent power supnly) £ 5n.00

two looked latticed screen& of (o) and (e). The disturbance 49 32 Vibration Contact £ AP.00

of am two jtruder detector devices contained in (1) and (f) 50 indov Bars/Grilles

will Immediately ring the alam bell and alert the polioe. (glass ares 12 eq. a. approx) £ 18.00

The only other defence conaets of the personnel of System 51 I Zontrol Unit (- extrar & Ion ic.

Research Ltd., and to a looser ectent the other personnel of Voltage Cbeck & Tect Facilities

Voodville House. The pass ey awitch of item 43 allows alarm- 3 Entry Timers

free accese to the filing cabinets (or the electronic OR ('acceptablefalse alarms)

equipment) by muthorised personnel. AND ("unacceptable false alarms,

RY betveen 2 inputu I hour) L 50.00

(6.4) Desisn 2b --- Description

I The basic layout for Design 2b is shown In Pig. 28 and Itemized

45 in Bect. 6.5. The special protection for System Research Ltd.

4410or is basically the sae as in Dosion 2w.
A i :49

The offices of TUT Ltd. and XlY Ltd. - . wall a, thome of

9 Systan Research Ltd. - are each fitted with a separate paes

. 45o? ,4-4 key switch and entry timer. Thus, the personnel of each of the

50/ above three offices can come o n quite independently, both

45' '?1 of each other and of wn, other *-pier.

Purthermore, a pasm key switch in fitted to the front gate of
,+,1+it 

!l i
Woodville. House. lRvery .... upier is issued with a suitable Pass

key in order to activate/deactivate those Intruder alarm

451xii devices which only plotect Wdodville House in general.

including the oourtyard. The end result te that Design 2b has

"-- 'three indpendent individual alarm sub-systeam a sell as a

- -- - -I'general slarm eub-system.

From Se t. 6.2. the Individual protection for the System

! Research offices can be restated in terms of Seet. 6.5 as i

(a) Atmo 62. 70

(b d*6 xU 22: 66 12. u? x 8

_ 3) 69. 1 2
(4 ) " 9 • 1 5

,,E !~~63 6.it) 9 2 2

45: DLOIO"M2. (f. 9 :5

425 The general protection of Woodville Rouse - comeo to all the

-1 occupiers - connists of two lines of defence

Xi )g) the first line of defence physically prevents

45 + .. I entry from the main road-Item*. 42
S r
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-~ ~ I2 G. 2, 8-

(71 Bai Enalmn mesh-i. ;

Ther ar baial the ingeinswic toete contiut
the ~;* eqato ofti atcua rjc

I) th-rmsstob rtce
(11) he Inruder
(Ii tetoa ntueraar ytei Icuingth

personnel

The coresonin enaletmsht iw n I. hr

( (1))ai Desain I Sc. )-frmteponafhiwo

(i)the Intruders

(i)the tnot te in realarmsst 4 nldn h

(Ihe corsoDign fta omteh pit sof iew of2 the lr

(7) V).ilU 0?(7.2)I

Bach possible abotecodetins arse.71 epctnbpoed. Inty it

i lea that thferl casan ergre rmtresprt

pont )o ane thobvel apris o theg eise Ig (sa )

his to (ecvat. t solvromthe oitrogew ofl

(11) peoleapoceg Design 2 (Sect. 6).-fo h oito iwo

Thi) Ds to equfromn tpoi sofvie of thme of

hsiseuvlento solviin, reslrg to-

43 *Dule Aim of Individual Goluteme 1i.2.)



110.9

(Potuula for

(system Reserch Ltd.)

,ruder

rig.ii 116.11 Pig.!! 16.10

(thieves) (vandals) (spies) (total solution)

I for System(Usesrob 3td.

Allr Unprotected
Introders Premi s

'4

Design I

Design 2

Design 3

(Design Ib) F IG. 31 (Design 20) FIG. 32

Fig.16 Pig.17 P16.18

Pig.12 (equation for) (equation for) (squatiso0 for)
(filing ) (electronic ) (all other
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T -- ---I-t ahould be noted t ha pie. 30,1,3I. ", are aece4F blea

diagrm& - not MtaIIAmt eaoe - ihii demonnt-ae the

relation-hips between earlier dlagrm Cr4i.9-13 @An FIS.1-26).

However, It to interesting to note the banio gai ol

1F.21 lig.22 Pig.23 Fig.24 difference between 7ig.30,32 and ?g.32,33
(a) the overall approM forms an hierarchical

(equation for) (equation for) (equation for) (rquatiof structure in the ehape of no upriht pyra with*(Satta ) C BUY Ltd..?) C iii Ltd.,[) (teat of )oronr nth bp f8 p'ZJtrr dgt

(neear ) (Woodville 1
(Ltd.. 8 Banes, a the all-eabraIng formul en the focal point at

Its &aex

(b) the ploems approach places the oollection of
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with branches in ell dlreotlons.
5t2le tend& to sgguest that the pLooeeiso approach I& tUs loeo

?ig.2s rigid structure of the two - with greater Interaction between

Individual solutions)
for 8, T. Z. V )l1 the parts. Finally, it can be seen that the desin problem

specified in Boot. 2 may be solved In not aerely three, %at 4a

least fix different ways.

(7.1) lriety of Intruder Alarm Devices

O Sect. 7.2 a security consultant may obhOoe between six
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]Ig.2i) 1ig.26(ii) Pig.26(iii) eiste an even greater variety of hardware - for ezemple. the

(police ) (physclal ) (Illumination) intruder detector devices listed in Boot. 3 - with which to
bell) (prevention) implement the desired eolution. A brief c sideration of Fi1g.

54 soon demonstrates that as the co p exlit of an Intruder

alarm system increases, so does the fumber of possible ways of

Implementing It. Thus, for ezaple. the simple alarm functions

0, can each be described In only two ways - Fig.34(C) - and

FIG. 34 the nor complex alarm function 6 in only one way. Howver.

the end result is that A can be i1 plmented in four Vas -

ig.34(ii). Co8eqAt.y, it can be seen that. for an

increasingly omaplex alarm System the number of possible

hardware inpllmstatione is limited only by the total Dmber

of possible useful oombinetiofts Of the various Intruder alarm

(* device$.
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Design Brief

Introduction

You are to participate in a series of

experiments being carried out in order to

investigate individual differences in approach

and methods in electr-,lics design.

During the course of a number of design

sessions you are ompected to produce a working

prototype unit conforming to the design

specification.

During each design session you will be

observed by an experimenter and at intervals there

will be some discussion and analysis nf the work

done.

As far as possible you should carry out

the design task as you would in your normal working

environment. You will be provided with a log book

in which you should keep a complete record of your

work.

The following materials are provided.

(a! iDeFign specification for an educa-

tional simulator to be used in an A level chemistry

course.
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(b) Relevant chemistry texts to provide

background information.

(c) Texts on electronic theory and

applications relevant to the design task (in the

red folder).

(d) Operating instructions for a special

purpose hybrid/analogue computer,the "Design

Laboratory" which is to be used to test the

prototype design.

If you feel that any of the materials or

facilities provided are inadequate or unduly

restrictive, please say so. You are free to enter

into discussions with the experimenter at any time

during the sessions.
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Design Specification

Summaryz

You are required to produce a circuit
design and working prototype for an educational

simulator to be used in an "A" lcvel chemistry

course. The simulator is to be used to illustrate

concepts in reaction kinetics and equilibrium.

Students should be able to use the simulator to

explore the behaviour of a reacting system under a

wide range of reaction conditions. Thfr device should

also allow the teacher to set up specific problems

to be solved by students. The user display and

control interfaces should be given careful consid-

eration and you are expected to incorporate, in the

prototype, any user controls which you consider

necessary.

You may assume that the unit is to be

m~nufactured using small scale production

facilities for a cost of approximately £200 per

device. You should take into account, at the

appropriat, stages in design, constraints relating

to the following factors: cost, size, and weight

(the unit is to be portable), ruggedness and

maintainability. Tr-deoff between versatility of

the simulator, its reliability and cost are open

to discussion.

The cost is estimated in terms of modular

components given in the cos' table and the number

of modular interc(,nnections counted as those

established by plugging up operitions on the

fronw part of the design laboratory (these are

priced by the connection cost units in the cost

table).
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COST TABLE

Modular Componeias Cost
(E units)

Integrator with Run/Reset/Hold modes
of operation and buffered output 3.5

Analog multiplication module based on
XR2208 operational multiplier 5

Analog division module based on
XR2208 operational multiplier

Analog squaring module based on
XR2'08 operational multiplier 5

Summing/subtracting operational
amplifier 1.5

Exponential function amplifier
(antilog function) 5

Comparator 2

+ 15v power supply unit with + iOv
reference voltage outputs5 15

4 pole 3 way rotary switch .5

Control potentiometer .5

1Ov display meter 5

Run/Hold/Reset cycle control module 2

Mo)dule intorconnection cost .5
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Outline of Simulator Operation

The idealised form of a chemical

reaction is expressed by a so-called "Stoichiometric

Equation". The underlying ideas are that chemical

molecules of different kinds (symbolised as A,B...)

react to produce other chemical molecules (symbolised

C,D,...) and that molecules are distinct entities

that combine in proportions denoted NA N B ... or

NC, ND ... The reactions to be simulated have a

maximum of 2 reactants, A and B, and 2 products,

C and D. The reaction is represented by the

stoichiometrie equation.

N A A + NB B = NC C + ND D

Wher N' NB NC ND are known as "stoichiometric

coefficients" which may take values 0, 1, 2.

It is assumed that the reaction takes

place inside an insulated reaction vessel and that

there is no appreciable volume change.

Chemical reactions involve thermal

energy changes (heat is produced by the reaction

or heat is required by the reaction for it to

proceed). Hence the temperature inside the reaction

vessel will usually change. However, it would be

possible to maintain a predetermined temperature

by the action of a thermostat, which should form

;n optional (used or not used) part of the

simulator.
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In reality there are vast numbers of

molecules of type A, B, C, D, and it is possible

to determine their concentration or amount per

unit volume which is symbolised by CA7, B7, t,

Lb7. For the simulator the front panel meters

display the concentrations of reactants and

products, the temperature, and the amount of heat

removed from or supplied to the system by the

thermostat.

Typically, th, student will be irvesti-

gating the following features of the reaction

(a) Reaction Profiles: Plotting graphs of

concentration versus time for reactants and/or

productF measuring reaction rate.

(b) Reaction Order, Rate Expression,

Rate Constant: Determining (or verifying) reaction

order by using various graphical techniques,

determining the rate e',ression and rate ronstant

for a reaction.

(c) Rate of Reaction and Temperature:

Investigating the way in which rea'-tion rate varies

with temperature. Determining values of (yet to be

specified quantities) 'activation energy' and

'frequeicy factor' from graphs and interpreting

these quantities in terms of theoretical models for

a reaction.
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(d) Equilibrium Constants: Determining

equilibrium constants for a reversible reaction,

generally exploring the properties of the

equilibrium state. Examining the relationship

between equilibrium constant and temperature and

the overall energy change for the reaction

("enthalpy change", in the literature).

The student is also to be encouraged to

consider the overall relationships between macro-

scopic and microscopic properties of a reacting

system and to suggest possible mechanisms and

models for the simulated reactions.

The simulator is to have the following

mode controls

Reset: Initial concentrations, temperature etc may

be set using the controls on the display panel.

Run: The simulated reaction takes place. The time

scale is arbitrary but should allow the student

sufficient time to take a series of meter readings

for the purpose of plotting graphs. The time scale

should also be chosen so that equilibrium

conditions are established reasonably rapidly.

Hold: At any tim, during the course of a reaction

the reaction may be halted and meter readings

compared.
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Detailed Specification

Stoichiom(try and Rate of Reaction

The idealised form of a reaction is given

by a "stoichiometric equation". The general
"stoichiometric equation" for the simulated

reaction is :

NAA + NBB = NcD + NDD

Where NA ... ND may take values 0, 1, 2 with the

restriction that the comninations of values

"N = 2 and N = 2" or "N =2 and N = 2" are notA B C D
allowed (a simulator limitation).

The rate of reaction may be defined in

such a way that it does not depend on the substance

chosen to express the rate :

Rate= 1 d dd =I dLbJ =ldEAJ =-ldfBj

C dt D dt NA dt B dt

(Recall that the bracketed terms represent

concentrations of reactants or products, ie. amount

of substance per unit volume (the units used in the

text material is mol dm- )).

Plots of concentration versus time for

a reaction are known as reaction profiles (Fig Al).

One method of determining reaction rate at a given

instant is to measure the slope of a tangent to the
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[A] (volts)

101A.+i0:A B + C

1st order reaction

9. d [A] =-KF [A]

8 , dt

Concentration7. fB7 fc7

6-

5'

4- KF =0.5v

3-

2 2- K F =1.0v

1,

0 20 40 60 80 100 120 140

Time (seconds)

Fig Al: Graphs of simulator performance (1st
order reaction) obtained during scaling
tests and performance evaluation.
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rucaction profile curve.

Reactions that go in one direction

In an idealised world some reactions go

in one direction only; for example, their form can

be expressed by N A + N B -- products. Again in

an idoalised world the rate of a one directional

reaction (conventionallya "forward" reaction) can

be expressed as a function of concentration(s) of

the form :

:A  V
SF = KF A B

For a reaction with stoichiometry

N A A + N B B -- > products

Where F = forward reaction rate

CA] CB- = concentrations of products

KF = forward rate constant

VA = "order of the reaction" with respect

to A

VB = "order of the reaction" with respect

to B

VA and V B are normally integers with

values 0, 1 or 2.

The sum V, + VB is known as the (overall)

"Reaction Order".

The simulator is deliberately restricted
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to accept only integer values of order coefficients:

For any simulated reaction VA = NA and

VB = N ie. the order of the reac ion wifh i-espect

of any reactant is equal to the stoichiometric

coefficient for that reactant. This restriction

means that all simulated reactions are 'elementary

reactions', ie. occur in a single step. No real

reactions conform to this restriction and it is a

useful approximation for only a few of them used

for demonstrations. However, the notion is useful

(a) Because a suitably connected array of

simulations would approximate the truth, and

(b) Because the expedient of writing

equations of other than integral order permits a

mathematical rate prediction (which has no direct

physical interpretation) that is, all the same,

quite accurate. The mathematics is best learned

as mathematics. Chemists have a confusing brand of

double talk in which VA. VB, ... are "reaction

orders" distinct from NA, N B ... "the number of

molecules involved".

The rate equation for a reaction may be

written in differential form (using the definition

of rate given above). In many cases the diff-rential

rate equation can be solved to give an integrated

rate equation which gives an expression for

concentration as a function of time. For example
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A products

dEA]F AJ Diff. Equation

In rAJo - In [Aj = KF t Integrated Equation

or - d[Aj = K IA. 2  Diff. Equationf dt
1 - - 1 = K F Integrated Equation

A + B -- products

d[r = KF [A] [B] Diff. Equation

dt

1 (In N 0 -In [B. )

[AJ 0 -ToJA ) K
S)[A7 [A Equation

In many cases reaction order can be most

easily verified by plotting a graph which should

be lir-!ar according to the integrated r te

equation (l-ig A2).

Reversible Reactions

No real reaction proceeds always (under

all conditions) in one direction only. Very often

the approximation is too unrealistic and the

simulator is to be capable of demonstrating the

dynamics of reactions in which both forward and
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Ln [A]

2.2,

A B +C
1st order

2.0 d/l = ~F [Al
dt

1.8 Integrated plot:
Ln [A] Ln [A.Q -K Ft

1.6

1.4

1.2

1.0

.8

.6

.2.

0 20 40 60 80 100 120 140 t
secs

Fig A2: linearisation of 1st order reaction



rev!erse reactions occur (there are forward and

reverse rates \ and ; there are forward andFR
reverse rate constants K F and KR). For the general

reaction

N A + NBB--- NcD + NDA B IT- N DD

Forward Rate Expression

F = KF [A]NA fBNB

F = forward rate

KF = forward rate constant

N )A)

= stoichiometric coefficientsNB )
B)

Reverse Rate Expression

R = KR CNc j/ND

R = reverse rate

KR = reverse rate constant

N )C)

) =stoichiometric coefficients
ND )

)



Net Rate : net = F -R

1= -l d[A) -I d[BI =1 dtC] =1 dLbJ
dt NB dt C t N D dt

Equilibrium constant and A H (enthalpy change

in the literature).

At equilibrium :-

Forward rate = reverse rate

K N N N

KF :A:'NA fB7NB = K R 4t] C fNI )

KF 1?2Nc ttJND

K ZJN CLIND
KR CA.7NA NB

This agres with the "equilibrium law" which states

that for a reaction with the stoichiometry

NAA + NBB = NcC + NDD

The equilibrium constant, K eq= [C7Nc bD

OjN A.7NB

Variation of Rate Constant with Temperature

The rate constant for a reaction is

normally reIted to temperature by an expression
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If

known a-, t.he Arrhenius Equation

For a forward reaction

F

RT
K = AFe

Where K = forward rate constant

F
AF = forward 'frequency fact'r'

EF  = forward 'activation energy'

R = gas constant

T = temperature ( K)

The equation may also be written

In KF = In AF  - EF

RT

For a rev, rse reactinn

- ER
RT

K R = ARe

Wiere KR - reverse rate constant

AR - reverse 'frequency factor'

,
ER - reverse 'activation energy'
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H = gas constant

T = temperature

ihe equal on may aiso be written

InK = InA - EE R

The parameters A and E* may be related

(rather tenuously) to 'collision'models for reacting

molecul1 ,s in which T is the mean kinetic energy.

For a given reaction it is assumed that

A and A E and E are constant but the
P R) F R

simulator must be capable of simulating reactions

with a range of valu(; for A and E*.
r.

However, we do not assume that KF and KR

necessarily change in the same way for any change

of t, mperature as below.

Energetic Changes in a Reaction Vessel

The picture of chemical reactions painted

for an A level student is certainly incomplete,

but is adequate, in special cases at any rate, to

bring the energr'ic changes that occur as a result of,

or as a prerequisite for, chemical reactions which are in

register with classical thermodynamics.
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Roughly, the reaction vessel contains

molecules of reactants and products in motion.

Chemical reactions involve the making and breaking

of (covalent) bonds between these atoms, of which

these molecules are made up with tho caveat that

in order to react it is at least necessary that

reactant molecules are in the same region of space.

In general, bond breaking gives out thermal energy

as heat, bond making absorbs thermal energy; the

mean kinetic energy of the entire system of

molecules is given by the (absolute) temperature.

If heat is given out as an overall result of a

reaction it is exothermic ( 6 H is negative), if

heat is absorbed the reaction is endothermic ( A H

is positive) and there is a possibility of overall

balance ( H is zero); so the convention goes.

The total energy may be partitioned in

various ways into kinetic and potential components

(the potential c('mponent being associated with an

organised configuration, for ex mple, of a molecu ,).

However, since reactions take place, the

distribution is not static. Moreovor, the molecules,

even if not reacting, can be said to have various

varieties of dynamic bond energy (the bonds have

vibrational, rotational, energies and the like).

In principle, however, we may plot an abstract

surface of minimal potential energy for the system,

and if projected onto a line this surface is called

the "reaction coordi:ate"(it is the otherwise

mysterious horizontal axis in pictures like :Fig A3,

repr'esenting he overall energetics of a reaction;
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the plot of el), "gy (1) verticalyagain.t this

mysterious re'' -tion coordinate).

The frequency factorsAF, AR ) of a

reaction do, roughly, represent the frequency of

collision between molecules; with slightly greater

verisimilitude the frequency with which molecules of

reactant are in a condition to react, ie. spend long

enough time in close proximity to exchange energy

(given the relaxat ion times of the rotational

and vibrational kinds of energy, as well as their

energy of motion), to form a complex which is

transitional (an "activated complex" in the

literature). Similarly, the activation energies

EF E refer to the additional energy molecules

of reactant must have in order to form an "activated

complex" and possibly react. Recall that "collision"

(ie. "being in the same neighbourhood") is a

prerequisite for reaction; it does not guarantee

a reaction.

Students are required to demonstrate and

to model the heat (enthalpy) change for reactions

at a given temperature.Thus the HEAT IN/OUT meter

should indicate, in the right sense (but with arbitrary

but reasonable scaling) the amount of heat removed from

or supplied to the reaction vessel during thermo-

statically controlled (constant temperature) reactions.

The temperature display indicates the absolute

tciiperature of the reaction vessel. For reactions

carried out with the "thrmostat off" the temperature

display should indicate, again in the right sense

but with arbitrary scaling, the chnge of temperature

inside the re:totion vessel due to the enthalpy

change for the reaction.

The enthalpy change for the reaction is

defined as follows.
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I.

Energyof re- I

actants-

E* E*
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products

Reaction Coord-
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(ie. the mysterious

projection of the
potential energy
surface for the
reaction)

Fig A3: Typical Energy Barrier Picture
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A H (at tomp. T) "The amount of heating or

cooling done by a thermostat

in order to compensate for

either (a) heat absorption by

an endothermic reaction (in

bond formation), or (b) the

neat emitted in an exothermic

reaction (by bond breaking).

Where 11H is given, graphically, as a

difference in Fig A3.

i

':ome Classical Thermodynamic Considerations

The free energy change of a reaction,

b G, is obtained (if there are means for

determining the entropy change of a reaction, as a

well specified change in organisation of the overall
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system) from the tea.perature, T, and the enthalpy

change 11. Thus

Change in Free Energy AG =,H - T AS

where H = Enthalpy change as

before

S = Change in enthalpy

of entire system

T = Absolute temperature,

as b1,fore

Usefully, the relationship betwoen the

Equilibrium Constant K eq and the absolute

temperature is given in terms of A G. Thus

G = -RT Log Kq

Since the simulator is restricted to

elementary reactions the relationship between

Keq and temp may be derived as follows

-EF

R T

K KF AF e (Arrhenius
eq , functions for

KR -E R forward and
reverse rate
constant)

A e
R

therefore
A F _EF*E*,

Ln K =Ln F_ (E F E R)
eq

AR RT

67

77r



But E F- E R H (Fig- A3), the enthalpy change

for the reaction.

Therefore AF A H

Ln K =Ln
eq

AR RT

and students are required to investigate the

variation of K with T, and the variation of rate

constant with T as defined by the Arrhenius function

(Figs A4 and A5).
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Constant
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6

4K KAe
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Fig A4: Variation of rate constant with
temperal ure (any reasonable scaling)
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Fig A5: Arrhenius Function Jinearisation
(log rate con-stant vs. temperature

* inverse)
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Interconnection of Simulations to Simulate Complex

Reactions

At a later stage in the project we plan

to extend the simulation of reactions to include

'complex' reactions, ie. reactions occurring as a

combination of elementary reactions in parallel

and/or series. This is to be achieved by the inter-

connection of a number of the type of simulator

described in this specification. When simulations

are interconnected the resulting system should

exhibit more complex rate equations typical of many

non-elementary chemical reactions.

The simulator design should, therefore,

incorporate a means of connecting with other

simulators in a'series/parallel arrangement. It is

intended that the simulated complex reaction should

take place in a reaction vessel with a single

thermostatic temperature control, ie. only one

thermostat and display will be required. Impedance

and voltage level standards are open to discussion.

Programming

The production model of the simulator

should be capable of being programmed with values

of stoichiometric coefficients. Arrhenius para-

meters etc using a plug in card or similar device.

This is intended to allow the teacher to set up

specific problems on the simulator. The physical
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means for programming the simulator need not be

incorporated in t, prototype but the designer

should take the programmability requirement into

account where appropriate in the circuit design.

Simulator Controls and Display-;

You are provided with a panel containing

most of the essential displays and controls

Concentration Meters: Display values of concentra-

tion for reactants A, B and products C, D.

Stoichiometric Coefficients: LEDs indicating pre-

set values of stoichiometric coefficients

NA$ NB, NC$ ND.'

Temperature: Indicates temperature of reaction

vessel (OK). The range of temperatures display'd.

by the meter is to be specified as part of the

design. If the thermostat switch is in the 'ON'

position, the temperature is to remain reasonably

constant. If the thermostat is switched off the

temperature should change in the appropriate

direction as the reaction proceeds. The temperature

may be an arbitrary function of extent of reaction

provided the t',mperature increases if the reaction

is exothprmic and decreases if the reaction is

endothermic.
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Heat IN/OUT: When the reaction temperature is

thermostatically controlled heat will be romoved

from the reaction vessel or supplied depending on

whether the reaction is exothermic or endothermic.

Again, the amount of heat may be an arbitrary

function of extent of reaction.

Set Initial Concentrations: Controls which allow

initial values of reactant and/or product concentra-

tions to bo established when the simulator is in

the reset mode.

Add Reactant A, Remove Product C: These push

buttons simulate the effect of adding more

reactant A or removing some of product C while the

renction is taking place. This facility is useful

for demonstrating the tendency of a reaotion at

equilibrium to return to equilibrium (v ith the

same value of K eq) if the equilibrium is disturbed.

Reset, Run, Hold: Controls on the lower panel of the

analogue computer unit. These switches control the

mode o1 operation of the integrated circuits.

Stoichiometric coefficients: Four rotary switches

on the lower panel labelled NA, NB1 NC' N0 .

Additional Controls/Displays

In addition to the displays and controls

provided, the prototype simulator should incorporate
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the following controls

(a) Arrhenius Function Parameters:
,

Potentiometers to estnblish values of A and E for

forward and reverse reactions.

(b) Switches which allow the rate constants

to be set manually (using potentiometers) or

computed using the Arrhenius equition.

(c) Monitoring sockets: Forward and

reverse rate constants,AH.

Any additional controls or monitoring

sockets considered useful, either to the potential

user or to facilitate simulator testing, should be

included in the protolype.

Performance Requirements

It is difficult to quantify the require-

ments for simulator ccuracy needed to produce an

effective tutorial device. Accordingly, the follow-

ing performance guidelines are provided

(a) Given input parameters set to produce

an nth order reaction a graph of concentration of a

reactant or produce versus time shuuld give the

appropriate reaction profile. The order of the

reaction as determined by the use of either the
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integrated rate equation or the initial rates method

should bo unmistakeably nth order.

(b) For any given setting of input

parameters the value(s) obtained for the rate

constant (from graphs) should be predictable and

repeatable.

(c) The rate constant should approximately

double for every 100 Kelvin rise in temperature
-I

and plots of Log. (rate constant) vs (Temp) should

be linear.

(d) If the Activation Energy parameter,

for either forward (E*F) or reverse reactions
*F

(E ) is increased then the rate constant (KF or

K ) should decrease.

(e) If the frequency factor AF (for the

forward reaction); AR (for the reverse action); is

increased then KF or KR should increase.

(f) If EF E* then the enthalpy change
F R~

for the reaction ( & H = E F - E R) is negative

and the reaction is exothermic.

IF E F>E R then the enthalpy change is

p("-itive and the reaction is endothermic.

(g) Observed values of the equilibrium

constant for a reaction should agree with expected

values (according to the "equilibrium law") to

within typical margins of experimental error (10%).

75



(h) The equilibrium constant 
for a

reaction should increase 
with temperature rise 

if

the reaction is endothermic 
and decrease with

temperature rise if the reaction 
is exothermic.

Graphs of Log (equilibrium 
constant) vs.

(Temp) should be linear.
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Appendix 2

MANUAL FOR PROGRAMMING DFqIGN TASK



Alantii I or Protramimi ng Iresign Task ajer-

he riact ion kintis console; 13A5 IC saeet

and ciun ct ion s and niie r OfI useful rout ines

(whic h act as s-pecitil tunct ions) ,for example,

in Leg .0 1 f anti mean-; For obtaining real time

values ,( ti. ht the di splay c-i change with time

in a sui table manner for depicting the progress

of a chomical reaction.

Further information, either about the programming

langauge, or ab~out physical chemistry is available

on request bhough the manual is sufficientl y

informative foi- you to satisfy the program design

spec i fication.

a) escv~dVariables

Programming Task Variable-s Variable Range

Concentrat ions. Reactant A Ml1 0-255

13 M2 0-255

C M3 n-255

D N14 0-255

initi al Concont ration A Nl 0-255

B N2 0 255

C N3 0-2555

D N4 0-255

Tirae (Simulat ion Time) 0-255

Stoch10ometric cCoefficients

R-ac tailt A LI 0, 1 or 2 (all x 50)

B L2 0, 1 or 2 (all x 50)

C L3 0, 1 or 2 (all x 50)

T) 1<A 0. 1 or 2 (all x 50)
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''empe rat ures

I ni tial temperat. ur e To 0-255

React ion vessel 0-255
t ,erature Ti

Thermostat on/off T2 0 or I (both x 50)

Arrhenius Fucntion Parameters

PF P1 0 255
P P2 0-255

QF Ql 0-25

QR Q2 0-255

Rate Constants

K (forward) Ki 0-255

K (reverse) K2 0-255

K manual or compute (forward)L1 Oor 1 (both x 50)

K manual or compute (reverse)L 2  Oor 1 (both x 50)

IHeat (Enthalpy Change)

A t H1

if H2

Additional reactant. variables

Al Reactant A L5 +1 - +100

Subtract Ractant C L6 -1 - -100

Mode Control number input J1 1, 2, 3, 4 (all x 50)

(Reset, run, hold, repwi V)

1 2 3 4
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(h) Th 1'ol lowing ('" rzicts from the ('EL) BASIC manual

stUmma ri ,o th( HASIC statements and functions.

Section 3

ELEMENTS OF THE LANGUAGE

3.1 INTRODUCTION

A BASIC program consists of one or more BASIC lines. A BASIC line consists of a line

number followed by a B IC statement, and terminated by a non-printing carriAgo
return character. A line number consists of from one to four decimal d-git.; in the
range of 1 to 9999, and is used to establish the order of the lines in a program.
BASIC statements are executed in the ascending order of their line numbers beginning

with the lowest numbered executable statement and proceeding through successively
higher numbered executable statements except where specifically directed otherwise by

control statements such as GOTO, IF, or GOSUB. When writing a BASIC program, it is

adviable to number BASIC lines by fives or tens to allow for the possible later

insertion of new lines.

A BASIC statement is made up of a sequence of keywords, operands, and operators.

A keyword is a sequence of letters having special significance to the system. In the
statement definitions in Section 4, they are shown in capital letters. Examples of

keywords are PRINT, INPUT, and LET.

An operanA is a variable, a constant, or a function reference. During eyecution of a

BASIC pr..,Lam an operand has a value which is a positive or negative real number

whose magnitude is either zero or in the approximate range 2.71 x 10-20 to 9.23 x

1018. This provides more than six decimal digits of accuracy.

Space characters may be freely used anywhere in a BASIC line to improve the appearance I
and readability of the BASIC program.

3.2 CON: TANTS

A constant is an item whose value is always defined during execution of a program.

Constants may be expressed as integers, decimal numbers, or in exponential format,

i.e., a decimal number times some power of ten. A constant consists of a sequence of

digits possibly containing a decimal point (.), and possibly followed by a decimal
expont' t consisting of the letter E, an optional sign, and one or two digits, in that

order. The following are examples of constants:

7 Integer
325 Integer
2.6 Decimal number

3.14 Decimal number
.000314E+4 Decimal number in exponential format

314E-02 Decimal number in exponential format
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3.3 VARIABLES

A variable is an item, represented by a symbol, that may be assigned a value. A
sMple variable is either a letter or a letter followed by a digit. A subscripted
variable is a letter followed by one or more expressions enclosed in parentheses; if
multiple expressions are used, they are separated by commas. For example:

A Simple variable
B2 Simple variable
X (3) Subscripted variable
E(A*3) Subscripted variable
J(Y2,I+5) Subscripted variable

3.4 FUNCTION REFERENCE

A function reference consists of a three letter function name followed by a parenthe-
sizel list of arguments. Tf there is more than one argument they are separated by
commas. The number of arguments supplied in a function reference must agree with the

number of arguments supplied in the function definition. Reference to a function
produces a value which in general is dependent on (i.e., a function of) the current

values of the arguments. The system supports both user-defined and system-defined
functions as described in section 6.

3.5 OPERATORS

An operator is a symbol used in forming an expression. There are two types of opera-
tors as listed below:

ARITHMETIC OPERATORS

Symbol Example Meaning

+ A+B Addition
A-B Subtraction

* A*B Multiplication
/ A/B Division
t AtB Exponentiation

RELATIONAL OPERATORS

Symbol Example Meaning

< A<B A less than B
> A>B A greater than B
<= A<=B A less than or equal to B
>= A>=B A greater than or equal to B
= A=B A equal to B
<> A<>B Z not equal to B

Operators are said to operate on operands; more precisely, they operate on the current

values of the operands.
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3.6 EXPRESSIONS

An expression is a sequence of operands and operators, possibly grouped by parei-
'heses. An operand standing by itself is an expression, and if E and F are expres-
sions and @ is any operator, then E @ F, (E), +E, and -E are also expressir,:.

3.7 EXPRESSION EVALUATION

Within an unparenthesized expression the order of evaluation is:

* Exponentiation
e Multiplication and division
* Addition and subtraction
* Relationals

Within a sequence of consecutive operators of the same type, evaluation is from left
to right.

Parentheses may be used to override this basic rule for order of evaluation. Parenthe-
sized portions of expressions are evaluated first. Nested parenthesized groups are
evaluated beginning with the inner-most grouping, working outward.

All expression evaluation is done in standard floating-point form as defined above.
When a pair of operands is operated on by a relational operator, the result is either
one or zero depending on whether the relation is true or false, respectively.

The following table shows examples of expressions and the values that would result
from their evaluation. It is assumed that the operands X, Y, and Z have the value 4,
3.14, and -2.7, respectively.

Expression Value

X 4
Z+7 4.3
-2 -2
SGN(Z) -1
INT (Y+ABS (Z+l)) 4
Xt2*Z+Y -40.06
Xt2*(Z+Y) 7.04
X'<YZ 0

Note that relational operators are not restricted to use in IF statements. For

example, the statement

LrT X - 5*(Y>0) + 4*(Y0=0)

may be used to substitute for a sequence of several statements.
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Section 4

BASIC STATEMENTS

4.1 INTRODUCTION

This section defines the general form and operation of the BASIC statements. Sect'on
4.2 defines those statements included in both the BASIC-i and BASIC-2 Systems, whereas
section 4.3 defines the statements that are only applicable to BASIC-2 Systems.

In the following presentation of the general form of each BASIC statement, the
following conventions apply:

1. Elements in capital letters, such as FOR, THEN, and GOSUB, are required and must
appear exactly as shown. (Exception: see LET description.)

2. Elements in lower-case are supplied by the user.

GOTO line number

3. Square brackets surrounding an element of the language indicate that the element

is optional and may be included or omitted at the user's option.

INPUT variable £,variable]

4. A right square bracket followed by an ellipsis (...), indicates that the enclosed
element may be omitted or repeated an arbitrary number of times.

DATA constant C, constant]

4.2 BASIC-I STATEMENTS

The BASIC-I language consists of 18 statements. There are two classes of statements:
Pxecutable and non-executable.

Non-executable statement, are used to specify data items and functions to be used in
a program, or to include comments concerning the purpose or operation of a program.
The non-executable statements include:

DATA - used to introduce a constant, or a series of constants, into a program.

DIM - used to reserve storage space for arrays.

DEF - used to specify user-defined functions.

REM - used to include program descriptive remarks.
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Executable statements control the input and output of data, the evaluation of mathe-
matical formulas, and the control of the program flow. Executable statements include

RLAD - used to select constants from DATA statements and assign their values to
the variables supplied in READ statements.

INPUT - used to accelt data from the input device.

PRINT - used to output formatted data to the output device.

RESTORE - used to permit DATA statement constants to be re-used.

LET - used to assign a value to a variable.

GOTO - used to branch to a specified statement.

GOSTIR - used to call a subro,-ine.

RETURN - used to return from a subroutine.

FOR - NEXT - used in combination to define a program loop.

IF - THEN (or IF - GOTO) - used for conditional branching.

ON -used to conditionally select the next statement for execution based on the
evaluation of an expression.

STOP - used to return the system to the command mode.

END - used to signify the end of program execution.

4.2.1 READ Statement (Executable)

The READ statement is used in conjunction with DATA statements to permit the assign-
ment of constants to variables as a program is executed. The general form of the
READ statement is:

READ variable [,variable] ...

For each variable in the list the next constant is obtained from the consolidated
DATA statement list; it is converted to internal floating-point form, and the result-
ing value is asqigned to the variable.

4.2.2 DATA Statement (Non-Executable)

The DATA statement is used to introduce a constant, or a series of constants, into a
program. The general form of the DATA statement is:

DATA signed constant [,signed constant]...

DATA statements establish a sequence of values to be accessed by the READ statements
in the program. There may be any number of DATA statements in a program, each con-
taining any number of constants (within the constraints imposed by the length of a
BASIC line). When the last constant in a DATA statement has been accessed by a READ
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statement, the next constant accessed by the same or a different READ statement will
be the first constant in the next DATA statement.

10 DATA 1, -2, 1.25
20 READ A, B, C, D, E
30 DATA 50
40 READ F, G
50 READ H
60 DATA 20.0E3, 0.155E-l0, 252

70 END

In the preceding example, the READ statement at line 20 will assign the values 1, -2,
1.25, 50, and 20,000 to the variables A, B, C, D, and E. The READ statement at line
40 will assign the values 0.155 E-10 and 252 to the variables F and G. The READ
statement at line 50 attempts to access a value after the last constant in the last
DATA statement has been used. The BASTC System will then return an error message,
terminate program execution, and return to the command mode.

4.2.3 RESTORE Statement (Executable)

The RESTORE statement permits the re-use of DATA statement constants. The general
form of the RESTORE statement is:

RESTORE

Execution of this statement causes the series of constants defined by the DATA state-
mentA of the program to be re-used. That is, the first value obtained by the logic-
ally next READ statement will be derived from the first constant in the physically
first DATA statement in the program.

Example:

10 DATA 0,1
20 READ A,B
30 PRINT A,B
40 RESTORE
50 READ E,F
60 END

The variables E and F will be assigned the values 0 and 1, respectively.

4.2.4 INPUT Statement (Executable)

The INPUT statement is used to enter data from the input device while a program is
running. The general form of the INPUT statement is:

INPUT variable C ,variable] ...

When an INPUT statement is executed, the system prints a prompt character '?' at the
user's terminal to indicate that it is ready to accept a line of data. The user then
may type in one or more constants formatted exactly the same as specified for the
DATA statey,-nt (but without the keyword DATA), followed by a carriage-return char-
Acter. The system then converts the constants into internal floating-potnt form and
assigns the resulting values in order to the variables listed in the INPUT statement.

84



!()

If the user supplies fewer constants than there are variables, the system prints
another prompt character and waits for another line of data. If the user supplies
more constants than there are variables in the INPUT statement, the extra constants
are ignored.

Example:

INPUT Xl, X2, L(l), L(2), L(3)

4.2.5 PRINT Statement (Executable)

The PRINT statement is used to output formatted data on the output device. The
general form of the PRINT statement is:

PRINT Cprint element]...

If there is no list following the keyword PRINT, a line is skipped on the user's
terminal. If there is a list, the items in it are formatted as described below and
printed on one or more lines on the user's terminal.

4.2.6 LET Statement (Executable)

The LET statement is used to assign a value to a variable. The general form of the
LET statement is:

LET variable = [variable=]... expression
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The expression on the right is evaluated and the resulting value becomes the current
za!ue for each of the variables appearing tc he left of an equals sqn.

Examples:

10 LET X=4+Zl
20 LET A(l)=A(2)=0
30 LET W=X=Y+Z
40 LET W=X+Y=Z

Note that in line 30 the second equals sign acts as a replacement (assignment)
operator, whereas in line 40 the second equals sign acts as a relational operator.

Expressions appearing as subscripts are evaluated before any value replacements are
done. For example, if the current value of J is 4, the assignment statement

LET X(J-l)=J=3

will replace the value of X(3), not X(2).

For the operator's convenience, the word "LET" may be omitted when typing in a LET
statement. This is handled internally as follows: Since each statement normally
begins with a keyword of two or more consecutive alphabetic characters, and since in
a LET statement the variable which follows the word "LET" must be of the form

A=

or A(1,2)=
or A$=

or A$(1,2)=

none of which begin with two alphabetic characters, the statement processing logic
assumei that any statement which begins with an alphabetic character followed by a
non-alphabetic character is a LET statement with the word "LET" omitted. When this
situation is encountered, the internal processor inserts the four characters

LET

into the line where the first alphabetic character was encountered. Thus a subsequent
listing of such a line will appear with the word "LET" inserted.

Example:

*100 A=1.2
*200 END
*LIST
100 LET A=1.2
200 END

* 4.2.7 GOTO Statement (Executable)

The GOTO statement is used to unconditionally alter the qequence of statement execu-
Lion. The general form of the GOTO statement is:

GOTO line number
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When control reaches a GOTO statement during the execution of the user's program,
control is unconditionally transf,-rred to the statement having that line number.

Example:

10 INPUT X
20 PRINT EXP (X)
30 GOTO 10
40 END F

Execution of this program converts the user's terminal into a device which auto-
matically types out the value of ex each time a value X) is typed in.

4.2.8 GOSUB and RETURN Statements (Executable)

The GOSUB and RETURN statements give the BASIC language a subroutine capability. The
general form of the GOSUB and RETURN statements is:

GOSUB line number

RETURN

Execution of a GOSUB statement transfers control to the specified line number.
Execution of a RETURN statement sends control to the first executable statement
following the most recently executed GOSUB statement for which a RETURN has not yet
been executed.

Example:

10 LET X=5
20 GOSUB 60
30 LET X=7
40 GOSUB 60
50 STOP
60 LET A(I) =X
70 LET I=I+l

80 RETURN

Subroutines may also be nested; i.e., subroutines may contain calls to other sub-
routines. Such nesting can be carried to any level. The following example illus-
trates subroutine nesting with a shared RETURN statement.

20 GOSUB 30
25 STOP
10 LET X=5
31 LET Y=7
32 GOSUB 40
33 LET X=X 2

34 LET Y=Y 2
35 GOST-B 40
36 LET X=X*5
37 LET Y=Y*9
40 PRINT X,Y

45 RETURN
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4.2.9 FOR and NEXT Statements (Executable)

The FOR and NEXT statements are used to specify the beginning and ending points of
program loops. The general form of the FOR and NEXT statements is:

FOR simple variable=expression TO expression [STEP expression]

NEXT simple variable

The FOR statement in conjunction with the NEXT statement provides the user with a
convenient mechanism for defining program loops in which a simple variable varies

linearly as the loop proceeds. The association between FOR and NEXT'statements is
established by the identifier of the simple variable. FOR and NEXT statements must
be paired within a program, and the set of statements through which control passes
between them is called the range of the FOR statement. Referring to the first,

second, and third expressions in the FOR statement as X, Y, and Z, respectively, X

is the first initial value of the simple variable for the first execution of the

range. Z specifies the value to be added to the current value of the simple variable
each time control reaches the associated NEXT statement. If Z is missing from the

FOR statement a value of +1 is used. If Z is specified, it must be preceded by the

Skeyword STEP. Then if the quantity (Y-X)/Z is not less than zero, coi-trol is passed
to the first executable statement following the FOR statement; otherwise, control

passes to the first executable statement following the NEXT statement. The values

ised are the ones obtained when the FOR statement is first encountered. The range of
the FCR statement is always executed at least once even if the quantity (Y-X)/Z is

less tti n zero to start with.

The following is an example of nc-ted FOR statements:

10 DIM A(20,20), B(20,10), C(10,20)

20 FOR I = 1 to 20
30 FOR J = 1 to 20

40 LET A(I,J)=0
50 FOR K = 1 to 10
60 LET A(I,J)=A(I,J)+B(I,K)*C(K,J)

70 NEXT K
80 NEXT J
90 NEXT I
100 END

4.2.1n IF Statemnwnt (Executable)

7he If' statement is used to provide a conditional program branch. The general form

f the IF statement is:

IF expression THEN line number

or
IF expression GOTO line number

When an IF statement is executed, the expression is evaluated and interpreted as a
inqica1 value. If the value is ialse, control is transferred to the next executable

statement. If the value is true, control is transferred to the statement having the

specified line number. A value of z,",o is false; any non-zero value is true.
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The expression usually takes the form E@F, where @ is one of the relational operator'i,
and E and F are expressions.

10 INPUT X

15 IF X<=0 THEN 3n

20 PRINT LOG (X)
25 GOTO 10
30 PRINT "POSITIVE VALUES REQUIRED"
35 GOTO 10
40 END

4.2.11 ON Statement (Executable)

The ON statement is used as a conditional GOTO statement to alter the sequence of
statement execution. The general form of the ON statement is:

ON expression GOTO line number [,line number]...

When an ON statement is executed, the expression is evaluated and the result is
truncated to an integer. The integer is then used as an index to select one of the
line numbers in the list. Control is transferred to the statement having the selected

line number. If the integer is less than one or greater than the number of line
numbers specified, control passes to the statement after the ON statement.

The ON statement gives the user a multi-directional switch capability.

2 INPUT X
41 ON SGN (X)+2 GOTO 6, 10, 14
6 PRINT "IMAGINARY"
8 GOTO 2
10 PPTNT "UNDEFINF.D"
12 GOTO 2
14 PRINT LOG (X)
16 GOTO 2

4.2.12 STOP Statement (Executable)

The STOP statement is used to terminate program execution. The general form of the

STOP statement is:

STOP

Upon enrountering a STOP statement during the execution of a program, execution
ceases and the system reverts to the command mode of operation. (See section 2).

STOP statements can be used anywhere in a program to designate the logical rather
than the physical end of a program. STOP is useful in debugging programs, and in

suspending program exec'' ion at critical points where a user may wish to display
i.-r~opiato results, and then alter program execution depending on the display-d
results.

89



4.2.13 DIM Statement (Non-Executable)

The DIM statement is used to reserve storage space for data arrays. The general form
of the DIM statement is:

DIM letter(constantL,constantl...),letter(constant ,constant ... )...

The DIM statement defines the name and dimensionality of arrays. Each "letter"
appearing in a DIM statement becomes the name of an array, so that a maximum of 26
arrays may be declared in a program. The dimensionality of an array is determined by
the number of constants in parentheses following the name. Each constant must be a
positive integer, and the value of the coriotant defines the largest value that a
subscript expression in that position may have. The minimum value that any subscript
expression may have is ze-o. Every reference to an element of the array must contain
exactly as many subscrj. expressions as there are constants in the declaration of
the array. For example, the statement

DIM P(5), Q(8,6,4), R(2,2,2,2,3)

defines three arrays, containing 6, 315, and 324 elements, respectively. Q is a
9x7x5 array, and references elsewhere in the program to elements of Q must carry a
parenthesized list of three subscript expressions. The rpference Q(0,0,0) refers to
the first element of Q. P is a one-dimensional array (vector).

It is permissible for an array name to be the same as the name of a simple variable.

DIM statr.nents may appear anywhere in the program, and they are not required to
precede references to the arrays they define.

4.2.14 DEF Statement (Non-Executable)

The DEF statement enables the iftroduction of a user defined function. The general
form of the DEF statement is:

DEF7 FN letter(simple variable[,ziple]variable... )=expression

The DEF -,tatement gives the user a convenient means of avoiding rewriting expressions
which occur frequently in his program and differ only in their operands. The "FN
letter" combination becomes the name of an explicitly defined function which may then
be used whenever a flinction reference is permitted. Such a reference causes the
evaluation of the names shown in the definition. The 'letter' in the function name
may be any of the 26 alphabetic characters, thus giving the user a potential reper-
toire of 26 explicitly defined functions.

The DEF statement which defines a function name need not preceie the reference.

It is permissible (although not necessarily desirable) for the argument names in the
definition to be the same as names used elsewhere in the progrim.

Example:

Usiigq the recursive definition

xM +l=-1(Xm+Y/ m)

make three iterations starting with X1 4.

10 DEF FNQ(C)-(C+Y/C)/2
20 LET Y=4
30 LET X=FNQ (FNQ(FNQ(I))) 90
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The general form and the effect of executing each of, the twelve matrix statements is
defined below. The reader is presumed to have a knowledge of matrices and matrix

operations.

4.3.1.1 Matrix Replacement

General Form:

MAT matrix=matrix

Effect:

Each element cf the first matrix is assigned the current value of the corre-
sponding element of the second matrix. The two matrices must have the same
dimensions.

4.3.1.2 Matfix Addition

General Form:

MAT matr ix=matrix+matrix

Effect:

Each element of the first matrix is assigned a value which is the sum of the
corresponding elements of the other two matrices. All three matrices must have
the same dimensions.

4.3.1.3 Matrix Subtraction

General Form:

MAT matrix-natrix-matrix

Effect:

Each element of the first matrix is assigned a-value which is the difference
between the corresponding elements of the second and third atrices. All three
matrices must have the same dimensions.

The preceding three kinds of matrix statements (replacement, addition, and subtrac-
tion), may be used with matrices of any dimension as long as they match.
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4.3.1.4 Matrix Multiplication

General Form:

MAT matrix-matrix*matrix

Effect:

The elements of the first matrix are assigned values such that it is the product

of the other two matrices according to the usual rule for matrix multiplication.
The standard restrictions concerning the dimensions of the three matrices apply.

That is if x, y, and z represent integer constants, then the following relation-

ship must exist between the dimensions of three matrices A, B, and C:

DIN A(x,z) ,B(x,y) ,C(y,z)
MAT A-B*C

The matrix on the left side of the equal sign must not be the same matrix as

either of the matrices on the right.

4.3.1.5 Scalar Multiplication

General Form:

MAT matrix- (expression) *matrix

Effect:

Each element of the first matrix is assigned a value which is the product of the
value of the expression and the corresponding element of the second matrix. The
two matrices must have the same dimensions.

4.3.1.6 Matrix Transposition

General Form:

MAT matrix-TRN (matrix)

Effect:

The first matrix is made the transpose of the second matrix. The two matrices

must be square and have the same dimensions; they may be the same matrix.
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4.3.1.7 Matrix Inversion

General Form:

MAT matrix-INV (matrix)

Effect:

The elements of the first matrix are assigned values such that it is the inverse

(in the usual mathematical sense) of the second matrix. The two matrices must be
square and have the saw dimensions.

NOTE

The algorithm used by the INV function will output the "SM' error
message if the matrix to be inverted is singular (determinant-
zero) or nearly singular (any main diagonal element-zero). To
invert a nearly singular matrix, the user may either perform
elementary row operations on the matrix to make a main diagonal
element non-zero, or use the Inversion library routine described
in section C.2 which accepts nearly singular matrices.

4.3.1.8 Zero Matrix

General Form:

HAT matrix-ZER

Effect:

The value of each element of the matrix is set to zero.

4.3.1.9 Identity Matrix

General Porm:

MAT matrix-IDN

Effect:

The value of every element of the matrix is set to zero except for the elements

on the principle diagonal which are set to one. The matrix must be square.

4.3.1.10 Constant Matrix

General Form:

MAT matrix-CON

Effect:

The value of each element of the matrix is set to one.
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4.3.1.11 Print Matrix

General Form:

1AT PRINT matrix~separator matrix ... separator

Effect:

The value of every element of each of the elements in the list is printed in the
ormat described under the PRINT statement. Each separator is either a comma or

a semicolon, and it governs the spacing on the print line between each matrix
element in the same way as for ordinary printing. The matrix elements are
ordered row-wise, and each row is started in a new line.

4.3.1.12 Read Matrix

General Form:

MAT READ matrixE,matrix...

Effect:

Every element of each matrix in the list is assigned a value taken from a constant
in the consolidated DATA statement list. The matrix elements are ordered row-
wise.

4.3.3 CALL Statement (Executable)

In BASIC-2 and BASIC-3 programs, the CALL statement communicates with a Machine
Language Subroutine previously linked and loaded as a part of the BASIC Processor.

The general form of the statement is:

CALL (n(,argument) ...)

The integer value of the variable or constant shown as n corresponds to one of 20
possible subroutine names, from ML thru ML20.
Each argument can be either a constant or the name of a non-subscripted variable.

The name of an array or of a function is not acceptable.

This CALL statement transfers control to ML6, and passes it 2 names and 2 constants:

CALL (6, X2, AS, 255, "MESSAGE")
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Section 5

BASIC COMMANDS

5.1 INTRODUCTION

The BASIC System accepts six commands for controlling a user's operating environment.
Each command consists of a unique keyword of from three to five letters. Commands
are not preceded by a line number, and are always executed immediately upon entry.

Square brackets surrounding an element of the line indicate that parameter is optional
and may be included or omitted as required. The six commands are:

LIST - List all or part of a user's program
PUNCH - Output all or part of a user's program to paper tape
CLEAR - Initialize a user's word area
RUN - Begin execution of a user's program
TAPE - Accept program input from paper tape
TYPE - Accept program input from the keyboard

5.2 LIST COMMAND

The LIST command is used to print all or par f a user's BASIC program as it cur-

rently stands in a user's work area. The g -al form of the LIST command is:

LIST [line number[,line number3

If there are no line number parameters follow ng the keyword, the entire program is
printed. If only a single line number is given, that line is printed. If the command
contains two line nurhlr parameters, that portion of the program whose line numbers
lie between the values is printed.

if the line to be listed is non-existent, the next higher numbered line will be
printed. If there is no higher numbered line, no listing will occur.

Although the user may have originally entered his program statements in any order,
they are maintained in the work area in order of ascending line number, and this is
the order in which they are listed.

.3 PUNCH COMMAND

The PUtiCH command is ised to output all or part of a user's BASIC program as it
currently stands in the user's work area to paper tape or disc file. The general
form or the PUNCH command is:

PUNCH [line numberC,line number]

If there are no line number parameters following the keyword, the entire program is
punched. If only a single line number is given, that line is punched. If the command
contains two line number parameters, that portion of the program bounded by the
specified line numbers is punched.
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Although the user-may have originally entered his program statements in any order,
they are maintained in the work area in order of ascending line number, and this is
the order in which they are punched.

The format of the program on paper tape is such that it can be read back into the
user's work area at a later time for execution or further modification.

5.4 CLEAR COMMAND

The CLEAR command is used to initialize a user's work area. The general form of the
CLEAR command is:

CLEAR

When a CLEAR command is entered a user's work area is cleared of all program text,
and his relation with the BASIC System is re-initialized. After execution of a CLEAR
command the only meaningful action on the part of the user is a series of program
editing directives to construct a new program in his work area.

5.5 RUN COMMAND

The RUN command is used to begin execution of a user's BASIC program. The'general
form of the RUN command is:

RUN

Upon receiving a RUN command the BASIC System leaves the command mode of operation
and enters the execution mode. The user's program as it currently stands in the work
area is executed statement by statement, beginning with the first (lowest numbered)
executable statement, and continuing until a STOP or END statement is encountered, or
until an abnormal condition occurs. At this point a message identifying the cause
and lrcation of the terminaiton is printed, the System re-enters the command mode of
operation and prints the asterisk prompt charactek.

5.6 TAPE COMMAND

The TAPE command is used to inform the BASIC System that a BASIC program is to be
iftput from disc or paper tapp. The general form of the TAPE command is:

TAPE
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Section 6

BASIC FUNCTIONS

6.1 FUNCTIONS

The 9ASIC System includes 13 pro-defined functions to perform mathematical operations.

A function reference consists of a three letter function name followed by a paren-

thesized list of argunents. If there is more than one argument, they are separated

by comas. The number of arguments supplied in a function reference must agree with

the number of arguments specified in the function definition. Reference to a function

produces a value which in general is dependent on (i.e., a function of) the current

values of the arguments.

COMON FUNCTIONS:

EXP (X) E raised to the X power

LOG (X) Natural logarithm of X

ASS X) Absolute value of X

INT (X) The largest integer not greater than X

MOD (XY) X modulo Y
SGN X) A value indicating the sign of X
SQR X) Square root of X

RND X) A random number hetween 0 and 1

The arguments X and Y to the functions may be a constant, a variable, an expression,
or another function.

The value of the argument to the RND function governs the generation of random numbers
in the following way: if the value is zero then the random number is generated from
the previously generated random number (or from a fixed value if this is the first

request for a random number within the current execution); if the value is non-zero

then it takes the place of the previously generated number (or the fixed value) in

the algorithm that produces the new random number. In this way, the user has the

option of always generating the same sequence of random numbers (for check-out pur-

poses, perhaps) or of generating a different sequence for each execution of his
program.

The SGN function returns the v&lue -l, 0, or +1, depending on whether the value of

the argument is negative, zero, or positive.

rn aeition to the .- pre-defined functions listed above, the cI BASIC System sup-

ports user-defined functions, where the function reference is of the form:

FNa X) User-defined function; a is any letter; and the function must be
defined in a DEF statement.
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(c) Special routines for operation A/D or D/A

convertors.

The general format for any ouput givi.n to any

D/A convertion is as follows where X, Y, will be

explained.

(1)"Call(6, X, Y)' Assigns to a meter Y = 1 to 6

the value of the variable X

For example, Call(6,Ml, l)"(X = MI, Y =1)

Assigns the value of variable Ml to meter 1.

(2) For input, the statements assign the value

on a given potentionmeter or switch to a

given variable. Again, the forms used are

transparent.

"Call(7, X, Y')"Assigns the value of potention-

meter or switch Y, to a variable X.

For example, "Cali(7,Dl, 1)" gives variable Dl,

the (initial concentration) the value on

potentionmeter, 1.

(3) "Call(5, J)"Outputs the value of RTC to

the regulation time variable , J (the time

intervals lie between 0 and 255 but can be

divided to alter the preset simulation interval)

For example,

'Call(5,J)" assigns the variable J (previously

set to 0, say) the current RTC value (0 to 255)

(4)"Call(5, 0 )" Initialises RTC(for example,

in reset)
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(d) This routine is one quite convenirnt method

of computing any integral between limits of some

function FNF (Z) of a variable Z; for example, of

Z = J. It works by successive summation of areas

beneath the curve of the function using approximation

rules (Simpsons, Midpoint, and Tripezoidal) and

iterating, as required, to reduc, the size of the

rectangular segments beneath the curve until there

are negligible differences between the different

area approximations that are used.

It is necessary to specify, Z, to Define

the function of Z,and to drcine the limits Zl, Z2, between

which the value of the integral (called Z0) is to

be found. The output assigns a value to ZO.

It is assumed below that instructions are

written with the usual 5 line gaps, starting at line

XY05. As written, the routine is part of a program. If

used as a subroutine it is entered by GOSU3 XY05

and XY86 is Return

-RZ

XYO5 Let DEF FNF (Z) = Whatever Expression (say e ---)

XY10 Let ZO =

XY15 Let Zl = Lower limit

XY20 Let Z2 = Upper limit

XY25 Let Z3 = Z2 - Zl

XY3P Let Z4 = (FNF(Zl) + FNF(Z2) ) * Z3

XY35 Let Z5 =

XY40 Let Z4 = (Z4 + Z5)/2 -

XY45 Let Z5 =

XY50 For Z = Z1 + Z3/2 to Z2 Step Z3

XY55 Let Z5 = Z5 + FNF(Z)

XY69 Next Z

XY65 Let Z5 = Z5 * Z3

XY7 Let Z6 = (Z4 + 2 * Z5)/3

XY75 Let Z9 = Z6 (Current value of the integral of FNF(Z) )

XY80 Let Z3 = Z3/2

XY85 If ABS (Z4 - Z5)/ABS(Z6) 1 IE-4 Then XY40 (Test to end

iteration loop). --
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